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PREFACE to VOL. I. 



Tbb first volume of the New Series is now concluded, and will be acknow- 
ledged, I hope, to be equal in interest to any of its predecessors in the 
First Series. For this I have to thank the many able contributors who 
have furnished original articles, and the Government of India in the P. 
W. Department, who have supplied Resolutions and Reports of general 
interest to the Engineering profession in this country. 

Considering, however, the large number of Officers serving the Govern- 
ment of India in the P. W. Department, (more than 1000 in the Engineer 
Establishment,) in addition to very many Engineers employed upon Rail- 
ways, &c, under private Companies, it must be admitted that the staff of 
Contributors to this periodical bears but a very small proportion to the total 
number of Engineers who might be reasonably expected to support it as 
an organ for disseminating information and ventilating opinions on 
" Indian Engineering." This may be attributed principally to the fact that 
all Engineers in this country are very heavily burdened with work, and the 
greater their ability and experience the more extensive and engrossing 
are their duties, so that very few have leisure to devote to writing 
" Articles," or Reports beyond such as are required from them by Gov- 
ernment Many, moreover, who might find time to supply short articles 
are averse from writing on topics and details which from their familiari- 
ty appear to be trite and common place. Such details, however, are 
often those which would prove of most interest and value to their brother 
Engineers, who having to undertake some particular work, may at the 
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outset lack the familiarity which has been gradually and insensibly 
acquired by other Members of the Profession who have been for some 
time perhaps engaged on work of an exactly similar nature. 

I would request those Contributors and Subscribers who have hith- 
erto supported this Periodical, to exert their influence to extend its 
circulation, so that a greater variety of subjects may be represented 
in its pages, and that some reduction may be made in its price, which 
is necessarily at present high, owing to the comparatively small list of 
Subscribers. 

Of the 62 papers forming this volume, 13 refer to Irrigation, 
Water Supply or Drainage : 5 are descriptive of Public Buildings : 
5 relate to Cements and Mortars ; 5 to Surveying and Mathematical 
Instruments: while Road-Making, Bridge Building, Brick Manufac- 
ture, Timber, Iron, Masonry, Well Sinking, Strength of Materials 
and Structures, Light-houses, Rail and Tramways, and other subjects 
are discussed in one or more articles. 

The absence of articles on Railways in India is to be regretted, and 
will, it is hoped, be rectified in future numbers : the progress of the 
State Railways on the New Metre gauge will furnish for description 
and discussion matter of a most interesting nature, and involving 
much of novelty. 

It is proposed that the Second Volume shall consist of Four 
Quarterly Numbers, issued in January, April, July and October, 1873 : 
the cost remaining 14 Rs. for Subscribers in advance ; but 4 Rs. a 
number for those paying in arrears, and for purchasers of single 

numbers. 

A. M. L. 
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ERRATA. 



No. 5. of Vol. I. [Second Series.] 



Page 466, line 9, for " perimental," read "experimental.' 
„ 470, „ 18, for "no "read "on." 



„ 485, „ 

„ 499, , ; 

„ 507, , 

„ 509, , 



4, from foot, for " filling," read " filing." 
10, for "Q,L," read "QJv" 

3,/or"Q 2 N J .^V'r«ad"QA.||v , 
29, for "planes," read "plane." 
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THE REVENUE BOARD BUILDINGS IN MADRAS. 

[Vide Frontispiece.] 



The Revenue Board Buildings in Madras stand adjacent to the old palace 
of Che Nawabs of the Carnatic. The latter structure, which is now used 
as a college, is constructed in the mixed Hindoo- Mahomedan style so 
common in the south of India ; and although much of the detail is mean- 
ingless, and much objectionable, the general effect of the exterior (which is 
colored dark red and white), is more pleasing than that of many build- 
ings subsequently erected by Anglo-Indians. The Government found it 
necessary to make extensive alterations and additions, and, by the desire 
of his excellency Lord Napier, these works have been carried out so as to 
assimilate the Revenue Board buildings with the older adjacent structure. 
Mr. Chisholm, the Government architect, while keeping to the general 
lines of the old structure, has taken his details and many forms from 
purer types of the style, and superior materials have enabled him to adopt a 
much lighter form of construction. When the offices have been completed, 
the outlay will scarcely be felt, as the amount of rent now paid by Gov- 
ernment for private offices represents capital equal to the expenditure 
involved. 

The materials is the fine polished chunam of this coast, which is too well 
known to need further description. 

The building finds favor in the locality ; both Europeans and Natives 
seem to take a general interest in its progress, and Lord Napier, in a lec- 
ture delivered there some time back, makes the following allusion to it :— 

" The Government has endeavored, with the advice of an accomplish- 
ed architect, to exhibit in the improvements at the Revenue Board an 

VOL. I.— SECOND SERIES. B 
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2 THE BEVEHUE BOARD BUILDINGS IH MADRAS. 

example of the adoption of the Mussulman style to contemporaneous use. 
Mr. Chisholm would be the first to disclaim and condemn the material 
which has been forced upon him by necessities to which we are still sub- 
jected, but his design will be a practical demonstration of the views which 
I have here advocated. He has paid the first tribute to the genius of the 
past ; he has set the first example of a revival in native art which I hope 
will not remain unappreciated and unfruitful." 



NOTE.— The above ifl an Extract from the " Builder, " December 31st, 1870. 
The Plate (Frontiapleee) waa reduced from the engraving In the ** Builder," by Sergt. G. T. 
Bparke, Photographic Inatructor, Thomaaon C. B. College. 

A. M> L. 
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No. II. 



IS IRRIGATION NECESSARY IN UPPER INDIA? 



By Majoe A. F. Corbbtt, B. S. C. (PublUhed by desire of H. E. 
tie Viceroy.) 



At a time when extensive irrigational works are being carried oat and 
more proposed, it may not be oat of place to consider to what extent such 
works are required and what quantity of water is useful, or otherwise, 
to crops in general. 

It may in the first place be as well to consider the general condition of 
land and the present system of cultivation of both irrigable and unirri- 
gable lands. I shall here, where not otherwise mentioned, refer more 
particularly to the rubbee crops, and take wheat as an example, it being 
the* most valuable of these crops, as a food for man. 

The soil of cultivated fields has lying immediately below the cultivated 
surface soil a hard layer or crust; this is not a natural, but an artificial, 
formation, caused by the treading of men and cattle, and the pressure of 
the sole of the plough. This is called by farmers in England the pan, 
and is known to the natives by the word " tawa," which is almost identi- 
cal in meaning. This pan is much denser in stiff than in sandy soils, and 
in some clays and stiff loams is almost impermeable to water : the roots 
of cereals can hardly force their way into this pan. 

As the irrigable land is prepared in this country for sowing by being 
ploughed and reploughed about three or four inches deep, the cereals are 
limited to a little more than this depth of soil in which to seek moisture 
and nourishment, and this too in a soil impoverished by yearly cropping 
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The moisture quickly evaporates from this loosened upper layer of soil 
above the pan, and irrigation becomes necessary to keep the plants alive. 

I believe indiscriminate irrigation to be the bane of Indian farming, for 
as long as a cultivator can, by scratching the surface soil and swamping 
it with water, get a crop of four or five-fold the amount of the seed sown, 
he lets things follow the old course, and does not trouble himself to look 
about for a better system. 

Below this pan the soil is generally more free and open and contains 
moisture held there by capillary attraction ; the amount of water is small, 
as most of the rain falling on the land or water supplied by irrigation is 
evaporated from the surface or taken up by the crops before passing 
. through the pan. 

All porous soils have a greater or less power of capillary attraction ; 
the smaller the particles composing the soil the less will be the power 
of capillary attraction possessed by it. Thus clay soils, which can be 
rubbed into an almost impalpable powder, have a much less power of 
capillary attraction than gritty sandy soils ; but whilst clay or loamy soils 
have a less power of capillary attraction, they have a greater retentive 
power for moisture, that is, they will retain moisture longer when once it 
has penetrated into them, and will not so soon lose it by evaporation 
or filtration. 

We have a familiar example of capillary attraction in a flower-pot. If 
we fill a flower-pot with dry loose earth and place it in a shallow pan of 
water, moisture will rise in the flower-pot by capillary attraction to the 
surface of the soil, although much higher than the water was in the 
pan. If however, instead of a flower-pot, we use tubes, we can ascertain 
what height the water will rise in different descriptions of soils. 

Rain falling on the surface requires some time to penetrate the hard 
pan, and should hot sunshiny weather succeed the falls of rain, the great- 
er part of the water is evaporated. In Upper India it requires a heavy 
fall of rain, or rather a continuance of wet weather, to produce what the 
natives call the "Mitotan" or meeting of the surface water with the water 
held by capillary attraction in the lower strata of the soil, below or in the 
lower part of the pan. 

As I said before, under the present system irrigation is required to 
keep the plants alive. This irrigation tends to consolidate the soil, the 
smaller particles being washed into any fissures there may be in the pan, 
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and the surface soil binds together. The roots of plants, however, require 
sir as well as water, but the air can hardly penetrate the now almost 
hermetically-sealed surface soil. Weeds grow amongst ihe crop, and in 
hoeing these out the soil is loosened. Here we see the use of weeds, 
in the absence of with the surface soil would not be stirred. When the 
crops are cut, there is a little grass, which is eaten off by cattle, after 
which the bare fields are left a smooth hardened surface, almost imper- 
vious to air and moisture. 

The more water has been supplied to the land by irrigation, the more 
parched the. land becomes when the crops are removed and irrigation 
ceases. Solar heat is reflected from the hardened surface of the soil and 
heats the air, causing the hot winds ; the direct rays of the sun having 
very little effect in raising the temperature of the air. 

It is difficult to say what amount of water is applied to irrigated lands, 
bat where the fields are irrigated from wells, 1 think we may calculate the 
amount of water to be about two inches for each irrigation ; so by doub- 
ling the number of times the lands are irrigated ; we get a fair approxi- 
mation of the depth in inches of the water supplied to the land. As the 
land irrigated from wells is generally watered three or four times during 
the growth of the crop, we may consider it receives a depth of six or 
eight inches of water. 

I believe where canal water is used, very much more water is applied to 
the land than where water has to be drawn from wells, and if I am correct 
in my reading of a tabular statement in a late Government of India 
Gfazette, the amount of water supplied by the Ganges Canal during the 
month of February last was equal to a depth of six inches over the whole 
of the irrigated area. 

There is a report on Tank Irrigation in Ajmere and Mhairwarra, by 
Lieutenant Home, B.E., in No. 4, Vol. I., second series, "Selections 
from Records of Government, N. W. P.," and a letter from Major Stewart, 
RE., forwarding the said Report, in which he says : — "The average re- 
quired to irrigate one acre is shown by Lieutenant Home to be 177,261 
cubic feet, whereas in our calculations we have allowed 200,000 to 300,000, 
and generally the latter." Now 177,261 cubic feet per acre is equal to a 
depth of 407 feet, and the 300,000 cubic feet is nearly 7 feet, say 80 
inches* This seems excessive, as one inch depth of water over an acre 
of ground is upwards of 100 tons in weight ; so every inch of rain that 



Digitized by VjOOQ IC 



6 IS IRRIGATION NECESSARY IK UPPER INDIA. 

falls, or water that is applied to the land by irrigation, supplies upwards 
of 100 tons of water to the acre. By weighing the produce of a few 
square yards of churree (jowar),* I calculated the weight per acre of the 
crop, when at its full growth and full of sap, to be about 100 tons. The 
amount of water in churree cut green for cattle is about 80 per cent, of 
the total weight of the crop ; and an inch of water, being say 100 tons, 
the crop only contains eight-tenths, i. e., four-fifths of an inch of water. 

A good crop of wheat with its straw, at the time of its greatest sue- 
culency, just before the formation of the blossom, may weigh about ten 
tone : this may contain about 75 per cent., or three-fourths of one-tenth 
of an inch of water, or say one-tenth the amount taken up by churree. 

In round numbers, we may say a crop of jowar, bajra, maize retains 
one inch, and a rubbee crop only one-tenth of an inch of water when at 
its full growth. 

As plants, however, lose a great quantity of water by evaporation from 
their leaves, the above-mentioned amount of water would be altogether 
insufficient for their support. 

Mr. Lawes found from experiments carried out in England, that com- 
mon plants (wheat, barley, beans, peas and clover) exhaled during five 
months of growth more than 200 times their dry weight of water. A crop 
of wheat of 19 bushels of 60 lbs., equal to half a ton of grain, is, I believe 
greatly above the average of the wheat crops now grown in Upper India. 
To grow a crop of half ton per acre with its straw, — which may be put 
down as double the weight of grain, or 1 ton — total weight of grain and 
straw, 1£ tons, — would require 300 tons or 3 inches of water in England ; 
if we allow the amount of water exhaled or evaporated from the crops to 
be in India double what it is in England, the crops would require to 
absorb from the soil 600 tons, or 6 inches depth of water. The water 
evaporated from the crops would not all be lost to the soil , as a great 
amount of it would be returned in dew and rain. I do not think there 
would be any difficulty in retaining double this amount of water in the 
soil, if the pan were broken up and the soil deeply ploughed; and I 
believe it would be a simple matter with the aid of manure, which can 
be had in any quantity, to raise the average of wheat crops in Upper 
India to one ton, or say 37 bushels per acre. The soil and sub -soil in many 
parts, for instance Rohilkund, is a rich alluvial deposit, and only wants 

* Holcui Sorghum. 
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thorough cultiration to make it one of the most productive in the world ; 
and the climate during the time the cereals are growing is all that can he 
desired to bring them to perfection. 

A fair index, however, to the amount of water required by the wheat 
and other mbbee crops is obtained by observation of unirrigated lands, 
most of which are light sandy soils called " bhoor." 

Under the present system of farming in Upper India, with an average 
rainy season and cold-weather rains, crops of wheat and barley are ob- 
tained from these lands. Being light soils, they are ploughed deeper 
than irrigated lands, perhaps six inches deep, and the water that remains 
in the sub-soil, together with the cold-weather rain, is sufficient to raise 
the crops; and these bhoor lands have some grass on them throughout 
the hot weather which the irrigated lands have not. I allow the crops on 
these bhoor lands are light, but this is from a want of manure and a defi- 
ciency of water, which can be remedied. 

These unirrigated land crops are in a great measure dependent on the 
cold-weather rains. If we can retain in them the moisture from the re- 
gular monsoon rains, we shall be independent of what may fall in the 
cold weather. I know of no reason sufficiently valid to deter experiments 
being made at once on these lands on an extensive scale. 

The average rain-fall during the rains may be from 20 to 30 inches, 
and the cold-weather rain from 1 to 3 inches. I believe, with an improv- 
ed system, one-half, or even less rain, would be ample. 

My reason for this belief is, that a greater part of the water which falls 
on these soils, either runs off the surface, or is lodged on, or in the soil, 
so near the surface above the pan, that it is lost by evaporation before 
it can penetrate into the sub-soil. 

Now if these light soils, which are much less retentive of moisture than 
irrigable land, can retain sufficient moisture to produce a crop, succeeded 
by some scanty herbage, during the hot weather, what necessity can 
there be for irrigating soils of a closer texture, which have a greater 
power of retaining moisture? I maintain that if we prevent the rain 
running off the land, and as much as possible prevent evaporation and 
use manure, the annual rain-fall even in dry seasons will be found suffi- 
cient to produce even better grain crops than are now obtained by irriga- 
tion under the present system. Irrigation applies water to the surface ; 
crops do not want water an the land, but in it. 
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It is a mistake to suppose that a greater amount of water is required 
for either khureef or rubbee crops. We see every year both descriptions 
of crops damaged if water lies about their stems : the chilling effect 
of water evaporating about the stems of the crops is always more or less 
detrimental. Cotton in particular suffers from this. What plants chiefly 
require is a deep porous and somewhat moist soil, in which their roots can 
strike downwards to such a depth as to be unaffected by drought and the 
heat of the sun. The roots of wheat will penetrate four feet, or even more, 
in a loose open soil, and as long as there is moisture in the soil within the 
reach of the roots, there is no fear of the plant dying for want of water. 

To obtain a deep moist soil, in the first place the land must be plough* 
ed or stirred up deeply, so that the rain will sink into it to a depth from 
which it will not readily be evaporated. 

The rain-water will pass through the loosened soil by gravitation, 
leaving the soil moist and as the upper surface soil is dried by evaporation 
caused by the heat of the sun, the water ldst, by evaporation will be 
replaced by water rising in the loosened soil by capillary attraction, ex-r 
actly as oil rises in the wick of a lamp. 

The loss of water by evaporation would tend to dry the soil; but 
as solar heat would be absorbed by the loosened soil during the day, 
and radiated during the night, and the surface consequently cooled by the 
radiation, we should have a copious dew deposit, from the vapour in the 
atmosphere caused by evaporation during the day. 

The advantage of allowing as much rain-water as possible to penetrate 
to the sub-soil before it has time to evaporate will be sufficiently evident 
when I mention that from experiments carried out in the temperate cli- 
mate of England, during a period of eight years, it was ascertained that 
of a mean yearly rain-fall of 26-49 inches, the quantity evaporated was 
15*20 inches, and only 11*29 inches filtered into the sub-soil. It is 
shown in the same experiments, that whilst in the month of February 
from an average rain-fall of 1971 inches only 0*424 inch was lost by 
evaporation, from a mean fall of 9*556 inches in June, July, August and 
September, the loss by evaporation was 9*080. What then must be the 
amount of loss by evaporation in India ?* 

What the required depth may be, to which land should be stirred, will 
vary with the description of the soil; thus close-grained soils, haying 

• Vide page 42. 
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a greater retentive power for water, will not reqaire to be stirred so 
deeply as loose sandy soils, which possess that power in a less degree. 
In sand j soils we must make up for the want of retentive power by deeper 
stirring. 

The proper depths to ensure crops on the different soils can best be 
fonnd ont by direct experiments on the soils. I am, however, inclined to 
think, from experiments carried out with tubes filled with soil, and an ex- 
periment I am going to describe farther on, that 15 to 18 inches would 
be sufficient for stiff soils of the "doomat" sort, and 1 J to 2 feet would be 
a safe depth to plough light sandy bhoor lands. The depths I here 
state are what I consider extreme depths, which would be sufficient for 
the very driest seasons. Every few inches deeper we plough unirrigable 
lands will tell in increased produce from them. Wherever the cuHurable 
soil is of two or more feet in depth, I believe there is no necessity for ir- 
rigation. Deep ploughing will be sufficient, provided the Boil is brought 
to a fine tilth, i. e., sufficiently broken up and pulverised. Where, how- 
ever, kunkur, stone or loose sand, which will not retain moisture, lies 
within less than two feet from the surface, irrigation may be necessary, 
but I am not certain that it is. 

The country plough, although abused by many persons, is perfectly 
efficient as long as shallow ploughing only is wanted. 

The whole of the mechanical operations we see brought into play in 
England in cultivating the soil, such as ploughing, sub-soil ploughing, the 
use of the cultivator or grubber, the clod-crusher, Jhe harrow and the 
furrow pressers, are, after all, only to make a suitable seed-bed for what- 
ever we may wish to sow. Where shallow cultivation, only is wanted, the 
land can be very efficiently prepared with a country plough and a " putela," 
which is merely a log of wood drawn over the surface ; and with a tube 
tied behind it the country plough makes an efficient drill. Still this 
country plough will not do for deep cultivation as any pressure on the 
stilt depresses the heal of the plough and raises the point. English 
ploughs and sub-soil ploughs are from their price beyond the reach of 
natives, even if they were inclined to try them. What is wanted 
is an alteration in the common plough of the country, to enable it to 
penetrate deeper into the soil, which alteration must be effected so 
cheaply as to make the improved plough not more expensive than the 
present one. 

VOL. I. — SECOND SERIES. O 
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I give here a rough sketch of a country plough and a modification 
I have made of it. 

Fig. 1. 




The old plough, Fig. 1 , is made in three principal pieces — the haras or 
draught pole which rests on the yoke, the 6tilt or handle, and the share 
in which an iron point is fixed. The angle at which the share is to the 
draught pole will not allow of its penetrating deep into the soil ; true the 
share is fitted into a groove in the stilt and fixed there by wedges, by al- 
tering which a slight difference in the angle can be made, and a some- 
what deeper ploughing effected; still pressure on the stilt depresses the heel 
and not the point of the plough, which is thus brought to the surface. 

Fig. 2. 



My altered plough, No. 2, is made in two pieces, the draught pole and* 
the stilt which is continued, the lower end of it forming the share, 
which is like, in shape and action, one of the tines of the modern cultiva- 
tor. Pressure on the stilt forces the point (which is covered with iron) 
into the ground. This is simpler than the country plough, being in two 
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pieces, and less likely to get oat of order, and it is also cheaper. It 
could be strengthened by having a piece of iron from the point of the 
share to the pole (where the dotted line is), thus forming a coulter. 

The natives have a prejudice against deep ploughing; they say it 
turns np bad soil. I believe this is merely an excuse for laziness ; as 
although I have asked hundreds of natives whether they have tried it, I 
have not met one who told me he had. Thirty or forty yean ago there 
was a strong objection on the part of farmers in many parts of England 
to breaking np the pan, but now it has been done they acknowledge the 
advantages of deep cultivation. Cereal crops are always better here after 
cotton or indigo. This is, I believe, because these crops have, with their 
deeply penetrating roots, loosened the sub-soil, which enables the roots of 
cereals to penetrate deeper into it. 

Another objection made by natives to deep ploughing is that their bul- 
locks cannot draw the plough. If one pair of bullocks cannot draw the 
plough I have made, two pairs can do so easily. As, however, the deep 
ploughing would be effected, not by one ploughing, but by several, each 
going a few inches deeper than the former, there would not be much 
more power required with my plough than there is at present with the or- 
dinary country plough. 

Secondly, banks must be raised round the fields to prevent rain-water 
running off by surface drainage. Where the land is tolerably level, there 
will be no difficulty in this ; the ordinary ridges will be sufficient when 
the land is deeply ploughed ; but where the land is undulating, long 
narrow fields should be made with the Jength of the fields running across 
the direction of the slope ; in fact, the fields will require to be terraced, 
as they are in the hills. By raising the ridges between the fields, any 
manure there may be on the surface, droppings of cattle, stubble of old 
crops, &c, is all retained on the land, and, when the land is also deeply 
cultivated, sinks into the soil, where it remains available for crops. 
Now, all this manuring matter is carried down by streams to the Ganges 
and deposited on the low lands of Bengal, where it is the cause of mala- 
ria and disease on the subsidence of the floods which have carried it 
there in suspension. Not only is manure lying on the land lost by sur- 
face drainage, bat the rain-water, which is required to moisten the sub-soil, 
and also contains valuable manurial ingredients, is lost to the land of these 
provinces, and carried down to Bengal, which does not require it. Ben- 
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gal, with an ample ram-fall, is flooded and manured by the Ganges, as 
Egypt is by the Nile ; only Egypt has next to no rain-fall and requires 
it, whereas it is injurious in every way to Bengal. 

The water being arrested in the soil of the fields where it fell would 
slowly filter through the sub-soil to the rivers, which would be kept at a 
more equal depth throughout the year; and Bengal would not Buffer 
to the extent it now does from floods. Another advantage resulting 
from deep ploughing would be that solar heat, instead of being reflected 
and heating the air, would be absorbed and radiated by the loosened 
surface soil, and the intense heat of the hot weather would be moderated ; 
as also would the steamy atmosphere of the rains, by the rain sinking 
into the lower soil before it had time to evaporate. The temperature 
being lowered, the evaporation would be lessened, consequently less rain 
would be sufficient, and possibly the climate might be so altered as to 
adapt it to many plants, such as tea, which cannot now be grown in the 
plains, and also to the culture of the silk-worm. 

With modifled hot winds there would be less difficulty in growing 
grasses and forage crops in the hot weather, and the crops that have now 
to be irrigated almost daily, to keep them alive, might possibly, after a 
few years, when the sub-soil was more moistened, hardly require irriga- 
tion. A reduced temperature would render the climate more adapted to 
Europeans and lessen the necessity for hill sanitaria for troops. To 
what extent the temperature might be reduced I hare no means of judg- 
ing, further than some balloon experiments of the British Association 
gave a decrease of 1° Fahrenheit for every 276 feet of altitude. If there- 
fore, we divide the difference of altitude in feet of hill stations and the 
plains by 276, we get the theoretical difference of temperature. Thus 
5,520 feet, which is about the difference between the altitude of parts 
of the Upper Doab and Nynee Tal, should give a temperature in the Up- 
per Doab only 20° higher than that of Nynee Tal. A loosened soil of 
1} or 2 feet in depth would be useful as a sanitary measure for the 
country generally, porous earth being a great absorbent of malaria and 
noxious vapours. Troops moved into camp on cholera breaking out in 
military stations soon improve in health, I believe chiefly from getting 
away from the sodden consolidated soil of cantonments to the vicinity of 
more cultivated land. Cantonment lands cannot well be cultivated, but 
if they were* sub-soil drained, I believe we should have less sickness 
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in the stations. I am here straying from my question. I have, however, 
brought the subject of sub-soil drainage of military stations to the notice 
of the Sanitary Commissioner with the Qorernment of India. 

80 convinced was I of the benefits of deep ploughing, that last year, in 
the rains, I ploughed and re-ploughed a piece of ground, stated to be 
four kucha beeghas, as deeply as I could with the country plough. The 
land was hard " doomat," which had always been irrigated. I thought I 
had ploughed this field ten to twelve inches deep, but on testing it, it 
proved to have only been ploughed eight or nine inches deep. I sowed 
wheat in this field on the 4th November, 7£ seers Budaon weight per 
hucha beegah. The last fall of rain there had been on it, previous to 
sowing, was on the 9 th October. Hardly a blade of this was touched by 
white-ants, and as the crop looked very healthy up to the 12th Janu- 
ary, I determined not to irrigate it* I did not see it again from 12th 
January till I returned from camp on 1st March, when it seemed to be 
in want of water, and I was persuaded to irrigate a few beds (kiarees) 
(possibly one-twentieth part of the field) one side of the field, which 
looked more dried up than the rest : the irrigated part at once became 
laid and the irrigation did more harm than good. The next field to 
mine (said to be three beegahs), farmed by a native in the usual way, 
was ploughed three or four inches deep, and also sown on the 4th No- 
vember, the same day as mine ; he showed ten seers Budaon weight per 
kucha beegah; a great quantity, I should think three-fourths of his 
plants, were destroyed by white-ants when the crop was a few inches 
high; he irrigated his field three times from sowing to harvesting. 

As the kucha beegah is rather a vague measurement, I had these fields 
measured, and found the area of mine was 3,213 and the native's field 
1,944 square yards. The crop from my field was 9 maunds 6 seers 6 
ehittacks Budaon weight of 100 tolahs to the seer, and the native's crop 
was 2 maunds 10 seers, according to his statement. Reducing this to 
bushels of 60 tt>s, my crop was at the rate of nearly 28 bushels per acre, and 
his a little over 9 bushels. I must mention that I manured my land with 
* dressing of farm-yard manure ; on one part of it I applied some broken 
bones and afterwards gave a dressing of brick kiln ashes over the whole. 

It is impossible to say what amount of crop was due to manure and 
what to deep-ploughing. 

Had I, after the manure was applied, ploughed my land Hke the native 
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three or four inches deep and watered, I do not think I should have as 
good a crop as I had. This is only conjecture. However, had I only 
ploughed three or four inches deep and not irrigated, I am certain I 
should have no crop at all. But, had my land been ploughed even five 
or six inches deeper that it was, I think I should have had nearly double 
the crop I had ; as a great many of the ears of my crop were altogether 
empty, and a great quantity of the grain was shrivelled from want of 
moisture when the grain was forming, which would not have been the 
case had there been a greater depth of pulverized moist soil under the 
plants, and the roots been able to penetrate deeper. My land being 
ploughed to a depth of only eight or nine inches, the roots of the plants 
could not strike down sufficiently deep in the soil to be unaffected by 
drought and the heat of the sun, and the moisture was dried up out of 
the depth of soil they could reach, before the grain was perfected. 

My field sloped down to one side, and perhaps half the rain which fell 
on it ran off by surface drainage, it not having been properly banked up : 
this makes me consider that half the average rain-fall would be sufficient 
if it were retained in the land. 

The cultivators about Budaon have been enquiring how it was I ob- 
tained a better crop without, than they did with irrigation. Some say 
they irrigated four and even five times, and only got about half the 
return I did, and from the same description of soil. I merely tell them 
to "manure well and plough deeply," and have shown them my new 
plough, which they seem to have taken a fancy to, and say they will 
adopt. 

As it is, my crop does not compare badly with the average crops 
of European countries, as mine was nearly 23 bushels per acre. In a 
late number of the Farmer, the average of wheat in bushels per acre 
in different countries is given as follows : — 

Ireland, 26 bushels, high farming 80 to 40 ; England and Scotland, 
28, high farming 44; Belgium, 21; France, 14; Russia, 17; Silesia, 
10; Austria, 15 to 16 bushels. 

The rain-fall at Budaon, from the 10th October to within two or three 
days previous to the time I cut my crop, was 1*3 inches. I do not in- 
clude rain falling just previous to cutting the crop, as it delayed my har- 
vesting and did it more harm than good. 

The natives sow a large quantity of seed per acre, as they expect a 
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great quantity of the voting plants will be destroyed by white-anta. 
White-ants, I believe, will not attack strong healthy plants. It is only 
when, in the straggle for existence caused by the poverty of, and want 
of nourishment in, the soil, the weaker plants begin to droop, that they 
* become the prey of the white-ants. 

After my crop was cut I could easily push a walking strick into my 
field to the depth it had been ploughed, but could not push it above an 
inch deep into the native's field. The soil of my field being thus light 
and porous, I ploughed it to the depth it had been originally ploughed, 
and left it in the rough, to get the benefit of the ameliorating influences 
of the air and rain. Had the occupier of the land next to mine attempt- 
ed to plough his land after removing his crop, he could not have done 
so above two inches deep. 

Under the present revenue system, unirrigable lands are assessed at a 
much lower rate than lands which are irrigable: if my theory is correct, 
there is no reason why the unirrigable lands should not be rated as 
highly as the irrigable. At present, in general they are of a lighter or 
more sandy composition, and as such more suited to barley than wheat, 
but in ploughing deeply the sandy particles now on the surface would 
fall down into the furrows, and be mixed with the minuter particles of 
the denser sub-soil, and the texture of the soil would be improved and 
become more suited for wheat : at the same time the soil of lands now 
irrigated would, by deep ploughing and ceasing to irrigate them, become 
more light and porous and better suited for all agricultural crops. 

Every year we hear of the cotton crop being damaged in some district 
or other from either excess or want of rain. Were the land deeply culti- 
vated, so that rain could easily penetrate to the sub-soil, I do not think 
we should hear of damage from either of these causes, and instead of 
getting a crop of from 50 to 70 lbs. an acre, we should have one of from 
200 to 300 lbs., or even more. 

As it is, a great amount of the vital energy of the Cotton plant is ex- 
pended in forcing its roots into the hardened pan, and we have a dwarf- 
ed plant. 

With reference to lands barren from being covered with "reh," I 
believe wherever kunkur has been quarried from these lands they have 
become fertile. This probably is from the reh becoming mixed with a 
\ of soil, instead of being collected on the surface ; it might be worth 
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trying whether deep ploughing and thus mixing the reh with the sub- 
Boil would have the effect of making these barren soils fertile. 

Whether I am right or wrong is a question which could be settled by 
a few simple experiments carried on in different parts of the country. If 
I am right, the money spent in irrigational works, except, under certain 
conditions of the soil and subsoil above explained, is simply money 
thrown away. 

Note by (the late) Colonel J. C. Anderson, R.E., Inspector General 
of Irrigation. 

I think Major Corbett should be encouraged to propagate his opin- 
ions. If they are sound they will probably prevail in the end, without 
any authoritative intervention on the part of the Government of India. 
The Government of the N. W. Provinces will doubtless be very willing 
to order some experiments to test the general accuracy of bis conclu- 
sions ; and it might be suggested that the Roorkee Professional Papers 
will be a convenient vehicle for distributing the new doctrines among 
Canal Officers, and other professional men. 

The experiment made by Major Corbett himself described, at pages 15 
&c, of his pamphlet, is not conclusive as to the advantage of deep 
ploughing, and a small quantity of water, over the ordinary treatment, for, 
as he himself admits, it was impossible to say how far the increased out- 
turn was due to manure, or how far to deep ploughing. 

I believe it is generally admitted that the native system of ploughing 
is very defective. But though the husbandry of the natives is of a pri- 
mitive character, I am under the impression that their practical short- 
comings are not so much due to a want of agricultural skill or knowledge, 
as to apathy and the force of custom. Major Corbett used manure for 
his experimental field while the cultivators around used none ; this was 
not because they do not know the value of manure, but because they 
either had none to spare, or did not consider the outlay that they would 
have to incur in obtaining it would be repaid by the increased out- turn of 
crop. They use manure largely for gardens, and for lands from which 
two or three crops are taken in the year, and they would use it generally 
if they had it, but it does not form with them as it does at home, one of 
the principal elements for determining the limits to which agricultural 
operations of different kinds can be profitably carried on. 
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And something to the same effect may be said of their system of 
ploughing. They probably know perfectly well, that heavy clay soils 
would be improved by deep ploughing, but ploughing does not simply 
mean raking the soil, but turning it up, and the deeper an implement 
has to be worked, the heavier the cattle, or the greater the number of 
them that are required. In many parts of India, however, very great 
care is taken in preparing the fields for the seed, and when a sufficient 
supply of water and manure is obtainable, seed time and harvest may be 
seen going on without any interruption, and in the same fields, from one 
end of the year to the other. It may also be mentioned that some of the 
fat clayey soils, such as the black cotton soil of the Deccan, are cracked 
and fissured in every direction under the action of the burning sun of 
April and May, and when such tracts are irrigated by water loaded with 
rich alluvial deposit, the cracks are filled in by this fertilizing matter, 
and one of the objects of deep ploughing is thus fulfilled. We are 
accustomed to think the intense heat of the summer months an unmiti- 
gated evil, bnt in Tanjore, which is one of the most richly cultivated Pro- 
vinces in India, it is notorious that the more intense is that heat of the 
hot weather, the better will be the out-turn of the crop raised during the 
rainy months. 

As regards deep ploughing in the N. W. Provinces, I believe it would 
be very advantageous in clayey soils. Of course the practice described 
by Major Corbett of merely scraping such soils by the native plough, and 
of allowing the water used for irrigation, or the rain water, to soak and 
then evaporate from a depth of only a few inches must be very noxious 
Water to have full effect in promoting vegetation should be chang- 
ed frequently, and the matter exuded from the roots should be cleansed 
away. This is well known with regard to irrigation of meadow lands, 
which cannot be watered too often, and grass grows nowhere better than 
in sandy or gravelly soil, with only a coating of alluvium on the surface, 
showing that the more free the passage for the water into the soil and 
away from the plants, the richer will be the growth. 

In a clayey soil I have no doubt that Major Corbett's plan of deep 
ploughing with the object of allowing the rain water to sink to a con- 
siderable depth and there to remain in store, would be preferable to irriga- 
tion of a thin coating of loose soil resting on an impervious bottom, but 
I think he errs in describing this as the general character of the soil in 
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the N. W. Provinces. There is in fact great variety of soil in these 
Provinces, some tracts are formed of a coating of clay of very variable 
thickness overlying sand, and in others again sand predominates. In the 
Khadir land, that is the low lands bordering on the rivers, and liable to 
be inundated by them, there is an upper coating of alluvial matter, some- 
times very thin, and sand with occasional thin films of clay underneath. 
This soil is very rich, and is covered with grass when the higher lands 
are dry and bare. Wells may there be only from 6 to 10 or 12 feet deep . 
and the soil generally is always more or less moist, partly perhaps from 
the proximity of the well water, and partly from the fogs thrown off by 
the river. But no one ever heard of such lands being injured by excess 
of water, unless where jheels or swamps are formed ; on the contrary, the 
more they are inundated, that is naturally irrigated, the more fertile 
they become. 

As regards the higher lands, some, as before said, are clayey, but 
that the soil generally is not of an impervious character is sufficiently 
proved by the extraordinary rise produced in the surface of the wells by 
Canal Irrigation in the N. W. Provinces and Punjab. I do not happen 
to have the figures by me, but I believe the elevation in some places has 
been as much as 15 or 20 feet, and the Canal Officers know very well 
that the canal water will go much further in one district than another, 
simply because in one case the soil is more sandy and permeable than in 
the other. So that while I have no objection to deep ploughing in such 
soil, it would not have the effect of hoarding the rain water in the 
manner desired by Major Corbett, but would on the contrary allow of 
its passing away much more freely than it can at present. 

Major Corbett, describes the cultivation of " bhoor" lands at page 
7 of his pamphlet. Bhoor lands are to all appearance pure sand, and 
have generally an undulating surface. Major Corbett attributes to light- 
ness of the crops raised upon them to want of sufficient water and of 
manure, being apparently under the impression that a great part of the 
rain water that falls upon them runs off the surface or is lodged in the 
soil a few inches from it. He speaks also of these lands being less 
retentive of moisture than most ordinary land. But I believe he has 
not formed a correct conclusion regarding tho physical character of these 
Bhoor lands. They are, if I mistake not, formed of drift sand and parti- 
cles of alluvium, which overlay stiff soil. The rain water penetrates the 
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surface immediately and is retained by the impervious stratum under- 
neath, it may be at a considerable depth below the surface. Were it 
otherwise it would seem impossible that any crop could be raised from 
such land. The process by which the moisture is obtained by the roots 
of the plants is in reality very different from that described by Major 
Corbett. Deep ploughing in this case would be of little use, but no 
doubt the addition of manure would enrich the naturally poor character 
of the soil. 

I have only one other remark to make. Major Corbett says that a 
very small amount of rain, if utilized in the manner he proposes, would 
suffice to mature a wheat crop in the N. W. Provinces. But he has 
not considered that, let the amount of rain be as small as he chooses to 
mention, he cannot reckon on getting it, at the proper time. If rain 
does not fall at all in October, November, or December what has he to 
fall back upon, unless artificial irrigation ? Yet this was what happened 
the year before last, and had it not been for the canals, there would have 
been a fearful famine throughout a large section of the N. W. Provinces. 
But if Major Corbett can help us to economize water we shall be very 
thankful, and if he can show us how to make the canals do twice the duty 
they do at present, he would add largely to the wealth of the country 
and to the Government revenues. 



[Note by tub Editor.] 

As bearing on the question of how far the increased out-turn on Major 
Corbett' s land was due to manure, or to deep ploughing, the following 
extract from the proceedings of the Agricultural and Horticultural Society 
of India, 20th April, 1871, may be advantageously here quoted. 

It will be observed, that from Mr. Halsey's point of view, deep plough- 
ing on an Indian Zemindar's land may be beneficial as a mode of manuring, 
by bringing within reach of the crops new and virgin soil; and this 
effect combined with the surface dressing of manure applied by Major 
Corbett, might fully account for the increased productiveness of the land 
in his experiment ; without having recourse to the theory of the retention 
of moisture in the deep and porous soil being secured by deep ploughing. 

" In an interesting letter of 9th April (of which the following arc extract**), Mr. 
Ualscy shows the bcneficinl effects of deep ploughing, the success attending their 
annual cattle fairs, &c. .— 
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" To show you the effects of deep ploughing, I would mention that this year, or 
rather last September, I sowed a piece^of land with carrot (country) using only half 
the amount of seed that the Zemindars' do. The land had only been ploughed once 
with Stalkartt's plough, and side by side with the land I farmed was another field of 
carrots sown on the same day as mine, but ploughed eight times with an ordinary na- 
tive plough. My carrots were ready for consumption a full month before the Zemin- 
dar's ; his were two inches across at the head by six inches long, mine averaged eight 
to ten inches, and many were 12 and even 14 inches across and a foot long. 

" A European who rents land in these parts has literally no reason to use manure 
if he will employ an English plough, as at ten inches deep, he turns up maiden soil : 
you have to change your land every year." 

A. M. L. 
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No. III. 



SINKING PIERS OF THE BASSEIN BRIDGE. 

[ Vide Plate I., page 22.] 



Reports on the Sinking of one of the new piles at Pier No. 28 of the 
South Bassein Bridge, Bombay, Baroda and Central India Railway. 



Having levelled the fourth column of this pier at the rate of seven piles 
below cap level, the column was cored to within 2 feet 6 inches of the 
screw. After the lapse of four hours it was found that the column had 
sunk 2 feet, the core having risen to a height of 11 feet within the 
column, the eighth pile was then mounted and screwed to cap level; 
whilst coring, and with a 2 feet 6 inches depth of core in the pile, the 
column suddenly sunk 6 feet, the core rising to a height of 27 feet inside 
the pile column ; the ninth pile was then mounted and screwed 2 feet in 
order to stop the water, after which the column was cored to within 2 
feet of the screw, this depth being reached and while coring and the tide 
being out, the pile column gradually sunk 1 foot 10 inches, the core 
rising to a height of 18 feet inside the column. After screwing again a 
few feet the column was cored to within 3 feet of the screw, when 
the pile column suddenly sunk 5 feet, the core rising to a height of 31 
feet inside the pile. The tenth pile has been mounted, and when screwed, 
I shall inform you of the result. The material passed through consists 
of fine sand mixed with soft blue clay, the sand being much in excess of 
the clay. 

In continuation of my report oa the screwing of pier No. 23, Bassein 
Bridge, South channel, I have to add as follows :— 
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After mounting tho 10th pile, and have cored the column to within 
2 feet 6 inches of the screw, the pile column suddenly sunk 5 feet, jam- 
ming the collar arms in the staging, the core rising to a height of 27 feet 
inside the column. The 11th pile was then mounted, and on attempting 
to core the column it was found impossible to decrease the water in the 
pile. In order to accomplish this, it was found necessary to screw down 
the pile, but scarcely had the pile been twisted through a quarter of a re- 
volution, when a sound was htard proceeding from the pile, indicating 
that it was cracked. The pile column was then abandoned till the next 
day, in order to let the sand settle, and so prevent the water coming into 
the pile. Subsequently the water having been cleared from the pile 
column, the place where the crack existed was discovered at a depth of 22 
feet below the bed of the river. The pile is severed throughout its whole 
circumference. When the sound was heard which indicated that the pile 
was cracked, there were only* sixteen men at each capstan, hence I do 
not attribute the cracking of this pile to any undue force being used in 
the screwing operation. This column has on three different occasions 
fallen through a space of 5 feet suddenly in each case, jamming the stag- 
ing, and it is not unlikely that this crack was caused by the abrupt stop- 
page received in its descent from the staging. I shall have the broken 
pile examined after extraction, in order to discover any hidden flaw which 
might have existed and escaped observation. 

Ibth October, 1870. 

• Extract from Boorkoe Treatise of Civil Engineering, Vol. /., page 282. 

As an example may be cited, the wrought-iron piles used in tho piers of railway bridges on the 
Bombay and Baroda Railway. Bach of these was screwed into the gronnd by means of four levers, 
each 40 feet long, and each having eight bullocks yoked to it. According to this example, the 
greatest working load upon each screw of 4 feet G inches in diamoter, exclusive of the earth and 
water above it, is nearly as follows :— 

Pier 26 tons + ^superstructure 12 + train 30 = 07 tons = 150,080 Hw#, being at the rate of nearly 
100 lbs. per square inch of tho horizontal projection of the screw blade. 

As those piles are screwed from 20 to 45 feet into the earth, the weight of earth above each screw- 
blade may be taken as ranging from 14 toe. to 30 lbs. per square inch ; so that the load on each screw 
blade, exclusive of the weight of earth above it, ranges from 3 times to 7 times that weight, and in- 
cluding tho weight of earth, from 4 times to 8 timos. 

The chief uses of screw piles are to form tho vertical rapports of platforms of open-work piers t 
whether of timber or iron, and of such structures as harbour-jetties and light-houses, and to fasten 
down permanent moorlng-chains in harbours. 
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No. IV. 
NOTES ON RETAINING WALLS. 

(4TH PAPbB.) 

[Vide Plate II., page 36.] 



For preceding Papers see " Professional Papers of Indian Engineer- 
ing" {First Series) j (No. l.J, Vol. I. 9 page 326 ; {No. 2.), Vol. /., 
page 448; (No. 3.), Vol. V.,page 40. By J. H. E. Hart, Esq., 
Executive Engipeer, Dhartoar. 



Thb Condition of Stability of the wall will be assured as regards sliding 

P P • 

so long as W, A tan ^ P, in other words, so long as r^. = ^— is 

» W |A 

not greater than tan ; 

where, as before, P is the horizontal pressure, V = W t A the weight 

of the wall, tan = the co-efficient of friction. 

For masonry courses or rock foundations, tan 6 = tan 3G£° = '74. 

For masonry on earth foundations, tan 8 = tan 18^° = *33. 



A wall will fail if the intensity of the vertical pressure at its outer 
face be allowed to exceed the power of its masonry to resist crushing ; it 
is necessary , therefore, that the intensity of the maximum pressure per unit 
of base be kept within safe limits. 

If p' = the maximum intensity of the pressure on the unit of base 
of a structure ; /= the resistance of the material to crushing ; and if ^ = 
/' be considered a safe limit, then the limiting condition expressed above 
is that 

P'=/ (24). 

If we confine ourselves to a slice of the wall of a unit in length, the 
maximum pressnre may be arrived at by the following reasoning : — 

Let R be the resultant of the forces acting on the wall ; it is composed 
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of horizontal and vertical elements, P and V which may be supposed to 
act at the point where R cuts the base. 

The former of these components can have no effect in producing ver- 
tical pressure ; so that we have only occasion to examine the distribution 
of the vertical element V over the base. 

When R, and therefore V, is applied at the centre of the base, the 
pressure will be uniformly distributed, and may be represented by the 
rectangle ABCD in Fig. 34. 

When R does not pass through the centre of the base the pressure 
varies uniformly, decreasing towards A as it increases towards B, and is 
represented by the ideal figure ABC D', through 
Fig. 34. p* the centre of gravity of which V passes as the 

/ L, resultant of the vertical pressures. The ordinates 
//\v> of this figure AC, 00'; BD', represent the pres- 
sures respectively at the points A, O and B. 

The mean pressure, therefore, increases towards 
B by the ordinates of the triangle O' DD', and 
decreases towards A by those of the similar, and 

— -— se + equal, triangle 0' CC. 

The maximum pressure, p' = BD', is therefore represented by a pres- 
sure of mean intensity p = BD, plus an increment DD' = a p. 

To find the value of this increment, we equate the moment of ABD' C' 
with the moments of its component figures AOO' C and OBD' 0'* about 
the neutral axis 00'. 

If a? be the breadth of base, qx the deviation of V from the centre of 
the base, the area ABD' C = the area ABCD = px ; therefore the mo- 
ment of ABD' C = px X qx : 

Also, if A' be the area of AOO' C = 00' BD, and if we consider 
the moments of AOO' C to be negative with respect to the axis 00' we 

ha T e M x = A'£ + (^x¥)-( A T-(¥><T)} = 

^ (25). 

therefore A P = 6pq, and the maximum pressure is 

p' — P + fyq=p(l + 6?)t (26)- 

* The moment of AOC 1b made up of the moment of A0C - the moment of / CC, and 
that of 0C BD is made up of the moment OBDO + the moment of 0* DD". 

t The above reasoning we owe to Lieut. O. Chadwick, BJ£., who arrives at the following general 
formal* for the maxjmnm pressure of structure on its base, such as shown in Fig. Ma. 



7/\ 



c* — $ 
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This equation however fails to represent the maximum pressure at B, as 
soon as there exists a tension at any point of the base ; that is, as soon 
u c' lies between A and B, unless we take the tension into account. The 
effect of a tensile force in masonry is mnch too uncertain to deal with in 
practice ; and we shall, therefore, neglect it in estimating the maximum 
pressure in retaining walls. When c' coincides with A there is no tension, 

Qf» = fiwr = ^ + <** - (x* " * O = * * * <*•>• 

from which, by substituting values for Q\ <f , and B ia obtained the Increment of maximum pres- 
aoM p* over the mean prearore p ; and, consequently, the maximum pres sure itself in terma of the 
mean pressure and deviation ex, of the resultant pleasure from the centre of base. 
In the formula, 

Q = the volume of ideal aolld representing the total prearore on the bees AOB whom area = 8. 

qf - the volume of the equal wedges 0*0* DD* and 00*00* 
representing the increaee and decrease of prearore on 
either aide of the neutral exia / O*. 
d = the distance of the centre of gravity of the half of figure 

ABCD from the vertical through the neutral axis. 
a - the distance of the centre of gravity of the wedges Q' 

from the axis. 
Ap z DJy = the increment of prearore at the outer edge (B). 
Examples : — 
For a Rectangular baud structure— 

= length of base * = thickness 8 = lx\ <? = Plaid's 




therefore A p = 6pq ; and, as before, ^ = j>0 + *<) 



.(A). 



r = radius = 



8 = 1"*, 

s 



V — i 



*"#" 



Boom- ** Q9~ I A P <! V- y * 

Bpqm - — qp ~nnr * ie — 

Therefore 

Ap = Spq, anda'sj) (l + 8o) (B). 

It wfll be found also that these formulas (A and B) may be derived from equations and tables in 
b's Applied Mechanics, articles 94 and 205, pages 77 and 229, in whioh we and "p* = p + o«," 



-foQ 



; ay, s q g, I ia 



whfch equation aa * la }, or * becomes in onr notation j/ = jH — r- ; and a = ~-y- 

the moment of Inertia round the neutral axis, aa given in the tables of such in the same work 
therefore:— 



P*=P + 



21 



► <!»). 



**Beetangte8:--Q = »J«;I = '-£ ,\ pf - p + *L*±?L* = p (1 + 6 g) 
12 «Vj 

J>0+8o) 



12 



Por«rcles:-Q = p!L*J;i = l£ ; % p> = p + JLfl 9 * 



64 



VOL. I. — SECOND SERIES. 



Digitized by VjOOQ IC 



26 



NOTES OK RETAINING WALLS. 



and q is £, pi being eqnal 2p ; bnt if q exceed £ the ideal figure repre- 
senting the distribution of the pressure is c"' BD 1 ". 
The vertical through the centre of gravity of this figure, and conse- 



BC' 



quently the direction of V, cuts the base at a distance, from B, = — — , and 



consequently at a distance q x =r -g — from the centre of the base ; 

therefore BC" = 8 (jg — q x\ 

The total pressure, represented by the area of the triangle CBD", 
is ^ = - p' x ( -s — q) and is also represented by the area 

3 /\ \ 

AGBD = px; therefore p x = -sP' x (o "" 2) *&& tte maximum pres- 
sure tflfon q is greater than £ is 

"' = l(T^=s(l^) <«••>■ 

We shall, therefore, use whichever of these equations (26), or (26a), may 
suit the case ; that is, according as q is less than, equal to, or greater, 
than £, and the process of designing walls for limit values of p' will be 
tentative.* 

The above alternative formulae — (26) and (26a) — are respectively used 

Table VII. 
Table of Ratios of Maximum to Mean Pressures corresponding 
to values of q as follows : — 



Itemh (tt), j ^ i I PonnnU (Mo), q > } 


q= 


A 


A 


A 


* 


* 


* 


i 


i 


i 


f 


A 


* 


V= P 


%P 


il> 


*J> 


ii> 


?* 


2p 


?P 


iP 


*i> 


Sj> 


Sp 


oc 


*"* 


1-875 


1-6 


1-6 


1-76 


1-867 


2 


2-223 


2-667 


4 


6-884 


10-667 


oc 



• Equation* (26) and (36a) are identical with equations (1) and (J) given for the same purpose In 
M. Delocre's Memoire, a moot valuable translation of which has been prepared by Colonel Fife, R.B., 
for the use of the Bombay Irrigation Department, as mentioned at the conclusion of No. CLXDC. in 
VoL IV., of Indian Professional Papers. 

In that Memoi re U is the fllfrt-^"™ from where the resultant cuts the base to the outer edge, and 
therefore equal, y - q x of our equations. If we substitute this value for IT in his equations, and 

V P 

remembering that p = — = -p we obtain, allowing for differences of notation, those in this 

paper. 

t ^ Is less than or equal to; ac is infinity; 

^ is greater than or equal to; > is greater than. 
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according as q is greater, or less than £, and Table VII., is calculated 
from them : — 

According to the hypothesis of these papers, which neglects, as an 
element of safety and for sake of greater simplicity in the formula, the 
vertical components of the pressures against the backs of walls, we have 

*>=t ( 27 >- 

in which V is simply the weight of the walls. 

For moat practical sections of walls there is little error involved in 
this hypothesis, and for vertical bached walls the equation (21) is strictly 
true. 

For Vertical rectangular walls 

V = W, h x, and p = W, h (28). 

For Vertical backed triangular walls 

V = I»5 andp = *£> (29 ). 

For Vertical backed trapezoidal walls 

V = W h*-±J and p = *l* (i + jL) (80). 

orif l = ni; p = ^^ (1 + n). 

We see, therefore, that/ varies as W l9 h, directly, and as q inversely, 
so that the higher the wall the less must q be ; also that if we reduce the 
weight of the wall per cubic foot we decrease p, and therefore p'. 

In walls of similar sections with equal values of q, we have p' propor- 
tional to A. 

If we substitute these values [equations (28), (29), (30),] for p in 
equations (26) and (26a) ; or in the table, for the desired value of q 9 we 
obtain the maximum pressures p'. 
For Vertical Rectangular walls — 

q^i; p'=W t h (1 + 6 ?)1 

„ . i. n , _* W,ft ) (31). 

9 > h P— 3(1-2*) J 

For Triangular walls, with plumb backs — 



? 



^i; ^ = ^(1+62)] 

^ x. w — 2 w < h \ 

> S> P ~ 3 (i _ 2 0) J 



.(32). 



<1 

For Trapeziodal walls, with plumb backs — 
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?£££; 



v> £; 



y-^i(i+i)(i + 6,>; 



.(33) 



P ~ 3 (l-2 9 ) 
The tables of ratios given above will be useful in the tentative process 

which becomes necessary in designing walls by these formal®, because 

having by either formula, obtained a provisional breadth, we are enabled 

to test by a provisional ratio of p to p' whether the appropriate formula 

of the two (26 and 26a) has been used to calculate the breadth of base. 

We may, indeed, moreover, by method of trial and error, obtain the 
breadth of base for a wall. We would in calculating in this way assume 
a value for q, and design the wall by one of the formula in Table VI. (No. 
CLXXIV., Vol. IT., Rrat Series, Professional Papers); then calculate 
p' by one of the preceding formulae, if this exceeded or fell short of our 
limit pressure by much, we would produce a fresh design with a less or 
greater value for q, and so on till a satisfactory result was obtained. This 
is not so philosophical as the method mentioned further on, but it may be 
adopted if thought fit. 

In any given wall, Fig. 35, if q' x = KOi be the distance from the 



Fig. 35. 




centre of the base to the vertical let fall on it, 
through the centre of gravity of the section of 
the wall, measured on the base ; and q x = O, E, 
as before, the deviation of the resultant, we 

have (g' ± q) x : | : : P : V 



PA , 



4 x = 
For Triangular walls, with plumb backs— 



Whence we may obtain q 
value of q' x. 

For Vertical Rectangular walls— 
PA 
* = 3V£ 



....(34»). 
if we know the 



= TTZ <»)• 






-*■ 



.(36). 



For Trapezoidal walls, with plumb backs- 



• Tbe upper sign 1b used when q* * and q a are measured on the same aide of the centre of the baae; 
that Is, when the vertical through the oentre of gravity of the section fails at opposite side of centra 
of base from the point where the resultant cuts the base. 



Digitized by VjOOQ IC 



NOTES ON RETAINING WALLS. 29 

* x — 2~2 • • * — "aV 2" v 37 )* 

And according to the value obtained for q, we use, in calculating the 

wtTi'mnm pressure, the first (26) or second (26a) of the alternative 

formula. 
Also, if in equations (31), (32), (33), we substitute for p the safe limit 

f to be assigned to the maximum pressure in the masonry used— equation 

(24) — we obtain limiting heights for walls, for given deviations qx, of 

the resultant from the centre of figure of the base. 
For Vertical Rectangular walls — 



q^h h= £- 



W, (1 + 6 q) 

For Triangular Walls, with plumb backs — 

2 f 

For Trapezoidal Walls, with plumb backs — 
«^*; k= %f ' 



.(38). 



.(89). 



>4 .-*A=A > (40) - 

Taking the aq/fe loading for rubble to be 5J tons, or about 12,300 
pounds per square foot* (85*46 lbs. per square inch) ; and its weight per 
cubic foot to be 140 pounds. For brickwork, the same load, and its 
weight 100 lbs. For ashlar, the safe load 40£ tons, or 7,20,000 lbs. per 
square foot, and its weight 170 lbs. per cubic foot— we calculate the 
following table of limiting heights for Rectangular walk, for various 
values of q. 

[For Triangular walls the heights will be double those in the table; and 

for Trapezoidal walls they will be increased in the ratio o/2(l + -Yto 1. 

The first column— that in which q = 0, shows the height to which an 
ordinary parallel faced wall may be built provided it be not acted on by 
any external force.] 

* F©t rubble/' ought not to exceed the faferwlftanoeof themorttrufledlnbtiUdiiif it. 
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TABLE VIIL 

Table of Safe Limiting Heights for Rectangular Walls for the 
the following values of q. 



Formula 26 ; q ^ A. 



Formal* 2Ca ; q > A. 



9 = 



• Ordinary Hubble, \ » _ . 
f = 123,000 lbs. ;W, = 140 J *"" 

Brickwork. I * __ 

y = 123,000 lbs. ;W, = 100 ( * — 

Ashlar. ) i_ 

/' = 720,000 lbs. ;W, = 170 f * ~ 





88 

123 
424 



64 

90 

308 



59 

82 

282 



A 

55 

77 
265 



i 
50 

70 

242 



47 

66 

228 



44 
62 



212 191 



i 

33 

46 
159 



31 
106 



79 



* 

83 

11-6 



400 



Hitherto we bare taken the vertical component of R to be as V, the 
weight of the wall only, and for the cases we hare investigated this is 
strictly correct ; bat when the backs of walls slope, the value of the verti- 
cal component Vi, is really the weight of the wall ± the vertical com- 
ponent of the normal pressure against the back of the wall. The nega- 
tive sign is used when the wall leans backwards as in Figs. 21 or 28, 
Table VI. 

Let N = the normal pressure ; V its vertical, P its horizontal compo- 
nents ; /J = the angle the back of the wall makes with the vertical ; r = 
the ratio of the batter to the height, [say rh— - ,\ r = £ = tan /3;] 

Then 

P =Ncos/3 

V = N sin /J = P tan = Pr 

V, = V ± V = V ± N sin = V ± P tan 

For Water pressure— 

j* 62-4 h ^ h 31-2 h* ,.,v 

therefore 

P = 31-2 h 9 (42). 

V = 31-2 h> tan (43). 

Y t = V ± 81-2 h* tan /3 (44). 

Y« is therefore simply the weight of the column of water, resting on the 

sloping back of the wall, and when the back of a wall is vertical /3 = 

.% V = 0, and V, = V = weight of wall only. 

To apply these formula) to the case of the large rubble dam, now we 

believe under construction at Kurrukwasla, near Poona, the description 
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of which was published in No. CLVL, page 274 of the First Series of 
the Professional Papers, we find that— 

Vi= Y + V. — 378312 + 11269-79 = 389582 lbs., nearly; p = ^ = 

gg! = 8333-3 lbs. 

10*22 10*22 1 

? = -j— = |g^g = f^j- which being > £, we use formula (26a), 

therefore 

p ' = 3(1 ■- 2g) = 1-6884 = 19742 ' 5 lbs « = 8#8 t 008 P w square foot, 
or nearly 137 pounds per square inch. 

In order to deduce the breadth of base of walls, according to the fore- 
going principle, t. «., that the maximum pressure shall nowhere exceed 
the safe limits of resistance of the material, we replace in our equations 
the quantities j/, p and q by their values : — p* =/' ; q = g- — =F q' 

p = — - , in which case 

Equation (26) becomes 
y = /' = *(l + 6*) = £{l + 6(^:Fg')} (45). 

And equation (26a) 

«' = /' = *_£ = Hi ) 

' f •*-»■> ..{!-,(£*.,:,){ («•). 

These formula* are of general application when P, Y l and q' are known, 
and the equations being alternative will one or other be used, according 
to whether q is ^ or > £; or, what is the same thing, whether p is 
found to be > or < -£ . 

The process will, therefore, be tentative, and lengthy. It will be neces- 
sary to examine also the conditions of unit pressure for both tho outer 
and inner faces of such dams as may at times be deprived of the pressure 
at their back, and care is to be taken to include the effect of the vertical 
element of the normal pressure in the value of V, for walls with battering 
backs. 

As an example of the method of extending the above formulas, we have 
as follows : — 

For Vertical Backed rectangular walls— 

V l =zW l hx; q' = 

Therefore by equation (45) when q = ^ £ 
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A = tj^h* m 



x 



-j&h <«>• 

or by equation (45a) when q > £ 

f — 4W i* 

I = » J^^Z/'., (48). 

* = V W,(3/-4W,A ( 49 )" 

For a plumb backed triangular wall 

V = -L_ and o' = - 
Therefore by equation (45) 

r = ^ h = 4* (so). 

*=/f* (51). 

And by equation (45a) 

' — 2w I t»-2P » A — wj* v°*> 

X = 7W l (2/'-W 1 A) < 58) - 

Applications of equations (45) and (45a) might be multiplied to almost 

any extent for walls of various sections, but we shall merely here give 

another application, and leave it to the reader, to extend the formulas as 

he may desire. 

For a triangular wall, with back batter given. See section 26, Table 

VI. 
Let r h be the given back batter, in this section we have 

V, - V + Y. = ?p + Pr»nd i= J- - -j*. 

therefore, by equation (45) 

/' = (Z£* + *L.) L + 6 ( aw/J +rr * (4 " £")] J 

whence h and x may be obtained. 

It may assist to give values of V, and tf for various sections, as follows :— 
(For figures, see Table VI. in 3rd Paper, Vol. V. First Series). 
Sect 20 vertical rectangular walls, .. V, = W t hx ; and # = 

„ 21 and 23 rbomboidal reclining walls, V, sW,J m - Pr ; and q* as —^ 



Digitized by VjOOQ IC 



NOTEB ON RBTAININO WALLS. 33 

8ect26ind 27 triangular wall, b*ck \ v _ WAg _ , . _ 1 rh 

batter given, J Y ' ~ ~2~~ ± * r ; ^ * " T " "57 

Sect 30 trapezoidal wall, back plumb, . . V, = W * ( * + f) and 

Example of the calculation of the breadth of base for a reservoir wall 
or dam under similar conditions to those in JPlate V., Vol. Y. [First Series] 
(3rd Paper); so that the maximum pressure shall not exceed 20,000 
pounds per square foot. 

Section — Vertical Rectangular. — In this case h = 40 ; W, =140> 
P == 50,000. 

Let/' = 20,000 lbs. = 9'9 tqns per square foot (140 lbs. per square 
inch, nearly). 

We use formula (50) for reasons given further on— 

• X =/ Z 2P// = A 

yW 1 (8/'-4W,A) J\ 



2 x 60000 X 20000 



140 (3 X 20000 - 4 x 140 X 40 
V"379 : 5 == 19*5 nearly. 
In this example we have an instance of one of the uses of Table VII. 
We find that for a rectangular wall p = WJi = 140 X 40 = 5,600 lbs., 

■ft # t%C\£\£\f\ 

therefore — = — = -rgjg- = 8*5 ; consequently, we see, by the table, 
that q must lie between one-fourth and one-third, and therefore we at 
once know which formula to calculate by. 
Also in a plumb backed triangular wall :— p = -— , and the value of 

— would in a similar way show us which formula to use. 

T 

But in a plumb backed Trapezoidal wall p = — - f\ + — \ would 
leave us in doubt, although it might help us to approximate. So also in 
walls with battered backs, x appears in the members of the equation for 
the pressure due to the vertical element of N ; and, therefore, we are un- 
able to do more than approximate to the probability as to which of the 
alternative formulas is to be adopted. 

In designing a wall we may make use of the principle of limit pressures 
merely, and guide us in determining a value of q which would approxi- 
mately give us the desired limit pressure, and then using the value of q 

• Thii last is merely a particular case of the general one of a trapeioidal wall with back batter ia 
wbichV, = WA( : + ±Pr,and 



H \2 x 2x) 2\ 3(a+0/ 



VOL. I. 8BCOND SERIES. 
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Arrived at, we may calculate the base breadth by one of the formula in 
Table VL* 
For a Vertical rectangular wall, by equation (26a), we get — 

^ l 2 V ,KA\ 

9T = T "" T 7T ( 54 >* 

and so on for other sections. 

We have thus indicated the direction which calculations for determin- 
ing the sections of walls according to this principle of limited unit pressure 
should take; but we must refer the reader to M. Delocre's elaborate 
M6moire$ for its development in detail for the particular case of Reser- 
voir Walls. 

The method he has adopted for determining the profile of masonry 
dams is in our opinion the most theoretically and practically perfect yet 
developed ; but the calculations are long and tedious ; and, although essen- 
tially necessary in structures of large dimensions are not suited for re- 
production in notes of this description, which treat of ordinary structures 
only. His process is briefly this : — He divides his walls into three parts, 
see Fig. 86. 
1st. A Vertical rectangular portion GDBA of a breadth equal that 
Fig. $6* selected for the top of wall; in this portion 

.jfc D the maximum unit pressure will at all points, 

B BB1 except the lower portion at A, be less than 

j" \ the limiting pressure f. 

^ \y- 2nd. A Vertical backed trapezoidal por- 

/J " \ r tion BAMN, in which the pressure at N and 

/ "™" N. M shall not exceed f when the reservoir is 

%L -^J either full or empty. 

• Wo wish to add to the " general formula)" in Table VI., page 44, of Vol, V., First Series Profes- 
sional Papers the following cases of trapezoidal walls— 
(20a) Trapezoidal wall, with/ace batter, rh t given. 



pesoidal wall with back batter, rh, given. 
* - / ***q+*rhi + ? ( rh JT* / rh J[x 



Also to note that in case 32, q is to be taken as a fraction of z ; and that to obtain *, in terms of P 

and Wi *e may replace b t in any of the equations of the table by ■ .„ ■» , 

3 W|7 

t See Rankine's Civil Engineering, Art 263, page 397, 2nd Edition. 

t Translations published in the Engineer (London) of 10th July, 1868 and following number* ; 
and also by Government of Bombay, as No. LX, of the Irrigation Series, 1869 ; also in Spon's Dic- 
tionary of Engineering. 
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3rd. A part MNST, which has inclinations on both face and back, and 
in which the limit pressure is not exceeded at the points M' N' or 8T 
in a series of horizontal sections taken in the profile. 

The first portion is determined by finding the height which will give 
the limit pressure at A for the given base = U This is done by equations 
identical with formula (46) and (48). 

The second by determining the height from the combination of equations 
containing two unknowns, so that the limit pressure shall not be exceeded 
at either the front or rear of the wall. One of the equations is obtained 
expressing the unit pressure at N, the other expressing the unit pressure 
atM. 

The third portion is determined by dividing the profile into layers, 
more or less numerous, according to the accuracy with which it is required 
to lay down the curve or batter, and operating as in last case; also 
taking care to introduce the effect of the vertical element of the water 
pressure on the sloping back. 

In every case the process must be tentative, owing to the impossibility 
of determining beforehand what will be the value of q, and consequently 
of selecting which of the alternative formula we shall make use of. 

As the dimension at top is a preliminary in designing a dam, we would 
suggest the following practical rule for it : — 

« = 2 +"ft • (55). 

the first member of the equation would represent the top breadth for 
all walls, such as retaining or wing-walls for earth pressures, the second 
members would give the increase for dams to enable the crest to resist 
the shocks of ice, trees, or other floating bodies ; this equation leads 
to the following values of t for given heights : — 

A = 10 20 30 40 60 80 100 120 140 150 feet 
*= 3 4 5 6 8 10 12 14 18 17 „ 

In the Memoire referred to, the author has taken W, = 125 lbs. per 

cubic foot nearly ; and he considers/' to lie between the extreme limits of 

6 kilogrammes per square centimetre = 5*49 tons per square foot 

= 85*3 lbs. per square inch. 

and 
14 kilogrammes per square centimetre = 12 8 tons pei square foot 

= 156*4 lbs. per square inch. 
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In his designs of the Furens dam, he has taken for rubble — 
/ = 6 kilogrammes per square centimetre = 5*49 tons per square foot. 

And in that of the Ban, he has taken for the rubble in good hydraulic 
mortar — 

f = 8 kilogrammes per square centimetre = 7*314 tons per square foot 
= 113*8 lbs. per square inch. 

Profiles of these dams are given by Col. Fife in his Paper, No. CLXIX., 
page 411, Vol. IV., of the Professional Papers. (First Series). 

The Furens dam is designed so that the maximum pressure shall not 
exceed 6& kilogrammes per square centimetre, or about 6 tons per square 
foot. 

The Ban dam also is so arranged that the maTimnm pressure shall 
not exceed 8 kilogrammes per square centimetre, or about 7*3 tons per 
square foot. 

The weight of the masonry being 124*8 lbs. per cubic foot in both 
cases, Plate II., shows in Figs. 1 and 2 examples of walls similar to those 
in Plate V., Vol. V., First Series. In these diagrams the breadth of 
base is obtained from the data shown below the figure, and the calcula- 
tions based on the principle of limit pressures. 

In the same Plate, are Diagrams of Walls, designed by Messrs. Graeff 
and Delocre, in which the maximum pressure is, as shown on the outside 
at back and front of the figures, written on the slope, and given in tons 
per square foot. 

The dimensions are given in feet and decimals. 

From these diagrams, and from the sections of the Farens and Ban 
dams, a reservoir wall to suit almost any conditions may be obtained 
by merely cutting off the selected profile at the required height ; but 
in preparing projects of any unusual magnitude, we earnestly urge the 
reader to consult the Memoire referred to; and with the data of his 
situation to use the principles there set forth in calculating the dimensions 
of his work : he will thns secure safety and economy in his design. 

J. H. E. H. 
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No. V. 



LIGHT RAILWAYS. 
[ Vide Plate III., page 38.] 



Project far a Light Tram or Railroad to be laid on any Ordinary Road 
By Lieut. J. A. Armstrong, R.E. 



Tas question of narrow gauges and light tramways haying lately come 
a good deal again into general notice, the enclosed little Project, which 
was laid before Colonel Strachey last year, may be useful in setting the 
example of opening the question at what expenditure per mile in first 
cost and maintenance a tramway or light railway should replace the 
ordinary pucka Trunk Roads. The cost of maintaining the Lahore 
and Peshawur Road up to its proper standard, I estimate yearly at Rs. 
700 per mile. The tramway might, I think, be well constructed on an 
existing road at 14,000 Rs. per mile, or at a cost equal to 20 years of 
road repairs. The advantages in traction alone by horse or bullock 
power would pay for the little special rolling stock and maintenance 
required. The wheels might be fitted with loose flanges, or broad flanges 
on which they could run on the ordinary roads. A portable ramp or skid, 
would enable them to leave, or gain the track, when required. Where 
timber is plentiful, the longitudinal sleeper system would be adopted to 
carry the angle iron rail. Over sand the line might be converted into one 
big longitudinal sand-pot, by closing the bracing, with buckled plates, 
or corrugated iron. 

The wheels having a sliding motion in the direction of their axles 
could accomodate themselves to very quick curves. 

The fish-plate is equally strong horizontally and vertically. 
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In this system the wheel flanges are placed outside the rails. The 
rails are of angle-iron secured to each other, and partly supported by 
cross bracing of angle iron, which take the part of sleepers and chairs, 
and keep the line in gauge. 

Plate III., Figs. 1, 2 and 3, shows the method proposed, and details 
of a line of 3-feet gauge with 3-inch angle iron rails, and 2£ angle iron 
bracing : on levels a lighter bracing would probably suffice. 

The bracing here adopted is a single system of equilateral triangles. 

The whole is put together with screw bolts fitted with square heads 
countersunk in the rails ; the counter skids in the fish-joints, are length- 
ened to admit of expansion. 

As will be seen from the Plate there are but three patterns of iron- 
work in the structure. 

The line would be laid on an ordinary metalled road, the surface of 
which would be loosened and levelled ; the filling or ballasting of the 
permanent way, would be of rammed kunkur or concrete; if these 
materials be not found sufficiently elastic, asphalte, or mastic cement might 
be used. 

The material used as ballasting is boxed up, and cannot spread, it is 
hence capable of bearing a considerable pressure per unit of area, and 
unless the wheels of the wagons carried a very great weight, the rail- 
way would compare very favorably with the weight per unit of surface 
that the Lahore and Peshawur Road has to carry daily in all weathers. 
It is not, I think, generally known, that country carts carry often 100 
maunds on two wheels, which transmit all this weight to the road through 
an iron tire l£-inch breadth. A load of double that amount, or nearly 4 
tons per wheel on the 3 -inch table of the tramway would hence represent 
the same conditions of wheel load to area. But in the road, this pressure 
is not distributed over any large area by the cohesion of its substance. 
In the tramway the case is very different, so much so that at low velo- 
cities a layer of grass or reeds would, I think, float it on sand. 

When once laid repairs must be reduced to a minimum, there is no 
wood-work to decay, and the ballast cannot shift. Such a line laid on a 
common road, would be less* liable to injure cattle passing over it and to 
be itself injured by a cart going over it than any of the ordinary forms. 

The road might be most easily dismantled and reconstructed in 
advance, as it was replaced by the railway, although if used as a per- 
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mancnt line it would be probably advisable to rivet up all but the fish 
joints. 

No skilled labor would be required, except perhaps on curves, but this 
might be obviated by having special lengths constructed for curves of 
different degrees. 

If worked by bullock power three abreast would probably be the best 
arrangement. 

I now propose mentioning the special facilities that this plan would 
furnish to steam power over a hilly road, and sharp curves. 

It has been before observed, that the flanges of the wheels are placed 
outside the rails, and that the rails themselves, are strongly braced toge- 
ther in a horizontal plane ; this forms at once my track and central rail. 

The load is carried on the horizontal surface of the rail, the vertical 
edge of the rail is gripped by the wheel flange. 

Figs. 4 to 5, Plate III., show several arrangements of loose wheels, 
loose flanges, &c, for effecting this object : a sliding wheel on feathers, 
with the flange removable for renewal, or returning, compressed in coup- 
les, would probably be the simplest arrangement ; also on removal of the 
flange the engine could travel on common roads by its own power or 
otherwise. 

The cost of such a Line may be judged from the following rough 
data: — 



Pee mile as in Plate. 

3-inch angle iron, at 10*4 lbs. per foot 2 x 5280 x 10*4 lbs = 49 tons nearly. 
2\ inches angle iron, at 5 lbs. per foot. 2 x 5280 x 5 =24 



Total, 



Abstract. 



Angle iron, 73 tons, at 150 Rs. per ton, 
Bolts, 8000, at 8 Rs. per gross, 
Ballasting, 5280 cubic feet, at 10 Rs. per 100, 
Laying, 73 tons, at 5 Rs. per ton, 



Total, 



73 tons per mile. 



10950 
440 
528 
365 



12,283 
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No. VI. 



THE IRRIGATION OF FRENCH INDIA. 



Extracted by Lieut. W. G. Ross, R.E. from an article on Indian 
Irrigation, byM. Lamairbssb, Chief Engineer of the " Fonts et 
Chausseds" in the volume of the "Annates" for October, 1869. 



M. Lamaires8E has written an exhaustive article on the irrigation, 
principally of Southern India. The matter relating to English works 
appears to have been mostly derived from Baird Smith's work on the 
irrigation of the Madras presidency, and it is not necessary to extract it 
here. Such portions of the article as relate to French territory may 
however he extracted with advantage, as some useful tables and data are 
given. To facilitate the conversion of French weights, measures, &c, 
into corresponding English quantities, the following tables and formula 
are appended. 

1. To convert degrees Centigrade into degrees Fahrenheit :— 

Let F = degrees Fahrenheit. 
C= „ Centigrade. 
Then 

F = I x C + 32°. 

2. Long measure :— 

1 Metre = 10 decimetres = 100 centimetres, 
= 1000 millimetres = 39*371 inches. 
10 metres = 1 decametre; 100 metres = 1 hectometre. 

3. Square measure :— - 

An are = 10 declares = 100 centiares = 1000 milliares 
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= 119*60 square yards. 
= 1 square decametre (10 metres square). 
10 ares = one decare ; 100 ares = 1 hectare. 
One hectare = 2*4712 acres. 

4. Fluid and dry measure :— 

One litre = a cubic decimetre = 1*761 imperial pints. 
= 61*028 cubic inches. 

Temperature. — Pondicherry. There are two seasons, the hot which is 
the longer, and the cold (fraiche) commencing in October and ending in 
February. SE. winds blow during the first half of the warm season, and hot 
land winds from the west during the last half of the warm season. North 
winds, which are excessively cold when they come from the North-east, 
blow during the cold weather. The hottest weather is from the 15th 
March to the 15th June. The climate, however, is generally healthy. The 
mean day temperature is 32° and the night is 26°. 

Chandernagore. This station is situated on the Ganges, and is covered 
with a large nnmber of tanks and groves, which make the climate more 
agreeable than that of Calcutta. From the commencement of October to 
that of March the mean temperature is 22°, with a variation from 17° to 
27°. From the beginning of March to the commencement of October the 
mean temperature is 81°, ancTvaries between 30° and 33°, with occasional 
rises to 37°. The hottest month of the year at this place is May. 

Maki on the west coast at about £ of the distance between Gape Com- 
orin and Bombay has a more regular, fresh, and healthy climate than the 
stations on the East coast. The temperature varies from 22° to 26° in 
January February, and March, from 25° to 30° in the months from 
April and September, and from 23° to 27° in October, November and 
December. 

Evaporation. — English Engineers are said by M. Lamairesse to treat 
this subject in quite an empirical manner. Thus, without being able to 
prove their assertions, they are in the habit of saying that the daily loss 
due to this cause is on every square metre 0083 metres. (This is 
equivalent to a depth of 3*26 inches !). 

At Chandernagore, where tanks are not used for irrigation, and where 
they are found under various conditions, a series of observations which 
were put in hand lately gave the following results. 

From the 27th September 1865 to 15th December, (76 days,) the 
vol. i. — second series. q 
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evaporation, deduced from gauges on 60 tanks, whose surfaces varied 
from 1 to 150 ares, and whose depths were from 1*80 metres to 5*60 
m&tres, varied from 0*63 metres to 0*90 mfetres. (This gives a daily 
evaporation of 0-3264 to 0-4662 inches per diem— a result far nearer the 
recorded English belief, though M. Lamairesse seems to have somewhere 
found the astounding statement of 3*26 inches per diem.) 

M. Lamairesse then appends the following table (Tahiti A.) of observa- 
tions made at the Red Hills near Madras by an English Engineer, Ludnow 
(Ludlow?). This table is a useful one, and as I have not met it before, it 
is translated from the French and added. The observations were taken 
with two evaporators, which were most rigorously tested and verified. 
Of the two instruments used, one was placed in a tank and the other in 
the open, at about 1 kilometre from the firet. In comparing the results 
obtained by these instruments, it will be observed that the ratio of the 
evaporation in the open to that in the tank , 

April, •• •• •• 

XnLfiy , • • • • • • 

June, •• •• •• 

July, •• •• •• 

August, •• •• •• 

Mean, .. 1,2529 to 1 

This proportion it will be observed is a gradually decreasing one ; the 
elements that have a recognized influence on evaporation such as, tempe- 
rature of the air, its hygrometric state, the force of wind, the state of the 
sky, did not show a corresponding gradation. Only the water diminish- 
ed progressively in the tank in the ratio given above; and it is clear that 
had the height of the water become nothing, the ratio of the evaporation 
inside and outside the tank would have been equal to unity. 

The true cause of the constant decrease of the ratio is the lowering 
of the level of the tank. 

During the five months there was a total rain-fall of 0*203 metres, 
and as the water of the tank fell during these five months 1-905 metres, 
the total fall in the tank was 2*108 metres. 

The fall in the evaporator placed in the tank during the same period 
was only 1*346 metres. The difference therefore 2**108 — 1**846 =a 
0*76 metres was employed in irrigation. 

In this particular case it will be seen that only f of the water waa 
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used for irrigation the balance having been evaporated and lost. Attached 
(Table B.) is an abstract of the observations recorded at the Pondicherry 
dispensary, the influence of the wind on the evaporation is remarkable, 
for owing to this cause the night evaporation is occasionally as much 
as that of tho day. 

Water-supply. — The comparatively small streams in tho establish- 
ment of Pondicherry, and of the whole coast between Chellumbrum and 
Madras, take their rise in the mountains of Salem, Scheraroy, &c. These 
hills run parallel to the East coast, at an average distance of about 150 
kilometres, with occasional outlying detached hills which stand out like 
advanced sentinels. These hills look over plains covered with tanks, 
which is a common feature in the South of India, in places where neither 
hills or deltas exist. 

The floods in all streams derived from these hills have first to fill, concur- 
rently with the rain that may fall on the limited gathering grounds of the 
tanks, the tanks in their course. By the time they arrive at the coast, 
therefore, they have parted with all their superabundant flood water, and 
are swelled only with the water supplied by rain on the country through 
which they pass. It thus happens that the continuance of each of these 
floods is never longer than that of the fall of rain that causes it. There 
is one invariable flood, that of the secondary monsoon, at the end of 
October. This flood causes the streams to overflow their banks for 24 to 
48 hours, after which the rivers fall and continue to fall till November 
or December, when, with very few exceptions, they are dry. Another 
constant but very slight flood takes place in April at the first setting 
in of the monsoon, but it is insignificant as compared with the October 
flood. 

Tanks.— M. Lamairesse, under this heading, enters into a general des- 
cription of irrigation from tanks, which in the French possessions in 
India, seems to be conducted on the same system as in the English pre- 
sidency of Madras ; it is therefore quite unnecessary to notice this part of 
the article. As may be seen from the map, in the territory of Pondicherry, 
there are an immense number of small tanks, formed generally, not on 
any marked drainage line, but on ordinary sloping ground. These tanks 
are made in the form of a very sprawling V, the point of the V being 
down the line of slope, and the arms inclined up the slope. The rain 
water is gathered in these tanks, and not only is the water used directly 
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for irrigation, but owing to the holding np of water in these tanks springs 
are formed, and the water level is raised in wells from which irrigation 
is carried on when the rivers are perfectly dry. 

Irrigation in Pondicherry. — The establishment of Pondicherry is 
situated on two principal drainage lines, the Pon£ar river, forming for a 
length of 14 kilometers its boundary on the South, and the Gingy travers- 
ing the territory almost diagonally from North West to South East. 

The Pone"ar is a torrent of rapid fall, even in the French territory ; 
its width is 400 or 500 metres, its discharge varies from zero in summer 
to 3655 cubic metres in flood. 

Thirty-four kilometres of the Gingy are situated in French terri- 
tory ; it is also a mountain torrent with a width at its point of entry into 
the territory of 350 metres. Its discharge varies from 0*139 cubic metres 
in summer, to 4647 cubic metres when in flood. At a distance of 7 kilo- 
metres from its embouchure it divides into two branches, the one to the 
left being called the Areancoupom, and the main stream being called the 
Ghoumamber. 

The Pone*ar has no affluents on the left or French bank ; two minor 
drainage lines start close to its left bank and fall one (the Maltar) into 
the sea, and the other, the higher, (the Condouv6ar) into the river Gingy. 
In addition to the rain-fall on their basins, these two drainage lines re- 
ceived formerly the tail water of two canals derived from the Ponear at 
distances respectively of 49 and 42 kilometres from its embouchure. The 
higher of these two canals had a width of 8 metres at its head, and at the 
village of Vadanour where it now ends, it has a width of 3 or 4 metres. 

The land between the Pondar and the Maltar is irrigated by water 
courses from the former, the principal of these are- 
Distance from 
Pembouchure Name. 

24 kilometres Canal Pacom. 

22*833 „ „ Couttiamcoupom. 

21*80 „ „ Bangarikal, or canal of the greater Ba- 

hour tank. 
15*133 „ „ rAjiguirattonviakal. 

8*20 „ „ Sitteryvaikal, or canal of the lesser 

Bahour tank. 
The first two canals only have dams in the river at their " prise." 
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From the Condouve'ar are derived. 

On the right bank, the Kijoeur canal, with an earthem dam in the river 
at its head. Above this on the left bank the Pallichery canal, and below 
this with a bridge and dam connected the canal Mangalom. 

Above the Condouvear the Gingy has an affluent on the right bank ; the 
Pambeur, which rises in the hills opposite Teroukouvelour. This rirer 
has a total length of 71 kilometres, of which 13 are in French territory. 
It has also an affluent called the Vicravandy which joins it just above the 
boundary of French with English territory. 

A canal of the same name derived from it irrigates in both French and 
English ground. 

The principal rivers in French territory it will be observed have all 
the affluents on the right bank, and all canals derived from them irrigate 
on their left banks. 

The principal water-courses from the Gingy, the canals Southoukeny 
and Villenour, have dams in the river at their heads at distances from the 
embouchure respectively of 26*33 kilometres and 19 kilometres. 

The Villenour canal was made in 1828-29. It is 5*76 kilometres in 

length ; slope of bed tq^, and its bottom width is 2 metres ; about the 

middle of its length it passes under the apron of the Coadepacon weir of 
the large tank of Oussandom by means of a 3 metre arch. The river dam 
is one metre higher than the general level of the bed, and causes no 
appreciable afflux when the river is in flood. This dam is made similarly 
to that of the Soutonkani canal, which will be described further on. 

The map represents a total area of 53,000 hectares, of which only 28,258 
hectares belong to France ; of this number 20,258 hectares are under 
cultivation, while the rest belongs to the public in general. 

The total number of tanks in this area (53,000) is 213, of which 144 
are French. The surface of these 144 tanks is 3,623 hectares, and 1,255 
hectares of these are under irrigation. 

The total irrigable land is 24,413 hectares, the amount of land actually 
irrigated (under rice) is 6,806 hectares. 

From these data the following proportions are obtained : — 

Surface of tanks as compared with total surface 

8628 s 0128 
28258 
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Rice cultivation as compared with total surface cultivated 

6800 _ A.oor. 
20258 - 033 °- 

The following list gives the total irrigating power of the establishment 

of Pondicherry : — 

Large tanks, . , . . . . • • • . . . 3 

Secondary tanks and attached reservoirs, .. , • Ill 

Permanent springs, •• •. •• •• . . 202 

Rivers or hill torrents, . . •• .. •• 8 

Principal canals, . . • • • • » • • • 9 

Small village tanks, . • • • • 881 

Well 2000 

The grand tank of Oussondon is situated midway between the sea and 

the north point of French territory. The following will give an idea of 

its size. 

Total perimeter, 17,300 metres. 

Area, 9,788 hectares. 

' Corresponding volume, 12,000,000 cub. metres. 

Amount of irrigation, .. •• .. .. 1,311 hectares. 

In 1838 the canal of Sontonkani was commenced with a view of sup- 
plying this tank ; a dam was placed in the Gingy 6*7 kilometres up- 
stream of the prise of the Villenour canal. 

This canal has a slope of 7qqq5> and is 4 metres broad at bottom, with 

sides slopes of 1£ to 1. It is 11*289 kilometres long from the head 
dam to the tank. The dam in the river was originally 1*25 metres above 
the bed, and is 355 metres long. It was made in the following manner : — 

Two rows of palm trees were driven into the bed of the river 50 metres 
apart, by means of a pile engine. The sand for a width of 10 metres and 
a depth of 0*317 metres in front of up-stream row was dug out and re- 
placed by very stiff day. The space between the two rows of close piling 
was filled with earth sloping 0*025 metres in 1 metre, and the whole was 
reveted with turf, and " vegels," a herb of long and tenacious root, and 
rapid growth, was planted over the surface. It has since become necessary 
to raise this dam and increase the depth of the water in the canal as also 
to raise the embankment of the tank owing to the silting up of the latter. 

The works of partition and discharge of waters are similar to those 
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in use in tanks in the Madras presidency, and need not be farther des- 
cribed. It only remains to give some W the data given by M. La- 
mairesse regarding duty of machines for raising water. 

Paecottah or Latha (Fr. Picote). — This is the well known lever with 
an earthern vessel suspended from one end and worked by one, two, or 
three men. The following instances are given of its working powers : — 

Foundations of bridge of Chounambar near Pondicherry. — Picote work- 
ed by 3 men ; height raised 3*5 metres ; amount of water raised (mean 
of a very large number of experiments) 130 to 135 litres per minute. 

The limit of easy work for two men, one at the lever, and the other 
at the well is said to be a height of 4- 27 metres. 

Reconstruction of one of the bastions of Fort St. George, Madras. — Capa- 
city of vessel (of sheet-iron half spheres) 00283 cnbic metres. 

Deduction for loss one-sixth of this. 

Rate of work 10 lifts per minute. 

So that a picote lifted per hour 141*5 cubic metres to a height of 0*305 
metres. 

Working day and night for 73 days at a height of 3*048 metres 
322,280*4 cnbic metres were raised at a cost of 2,965*62 francs, represent- 
ing 73 days work of 52 men, or 73 X 52 = 3,796 days work of one 



Ddls (Paniers) were also used at the same place, but did not give fair 
return when more than one lift was required. 

The M6t or Churrus (Cuppelay) and the double churrus (Retta Guppelay) 
are also alluded to, and they are said to be very useful for lifting water 
to considerable heights, and it is said that when the heights to be raised 
are 12"19, to 13*72 metres the quantity is f of that raised when the height 
is only 3*35 metres to 3*66 metres. 

The experiments of one Captain Best show that 2 good oxen raised in 
one hour to a height of 6*10 metres, 90 churrus-fulls, containing each 
117*434 litres. 

With the double churrns 4 oxen raised in one hour to a height of 
4-572 metres, 180 churrus-fulls, each containing 150 litres. 

With an ordinary pump one man can raise about 226*4 litres, 3*048 
metres in one minute. From these data the following table has been 
calculated. 

VOL. I.— SECOND SERIES. H 
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! 



Men and 

oxen 
enployed. 



Men. Oxen 



Cable metres 
raised. 



Each lift. 






Per hour. 



Is. 

*!- 

©3 § 

lis 



1 

1 Picote, •• .. 

2 Picote, .. .. 
8 Picote, .. .. 

4 Paniers (Dal), .. 

5 Cnppelay, •• .. 

6 Do., .. .. 

7 Do., .. .. 

8 Retta Cuppelay, 

9 Ordinary pump, 



2 


3 


4 


5 


6 


7 


8 


3-05 


2 





600 


0*0234 


14-15 


6 


625 


2 





300 


00407 


12-226 


6 


625 


2 





240 


00453 


10872 


6 


305 


6 





1320 


0-0094 


1245 


6 


335 





1 


44 


0-05 


218 


12 


610 





1 


90 


00566 


509 


6 


1372 





1 


32 


0O495 


1-58 


12 


686 





1 


180 


0-0374 
(permin.) 


6-72 


8 


805 


1 





60 


0-22 


13*58 


8 



9 



84-900 
73-354 
65-203 
74-712 
26149 
80-244 
19018 
53-793 

108-672 



W. O. B. 
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No. VII. 

NEW CANAL MODULE. 

[Vide Plate IV., page 52.] 



Scheme for a Module to Regulate a discharge of 1 cubic foot per 
second. By R. Froude, Esq., Assistant Engineer, Oudh Irrigation 
DepartmenL 



Object of the design. — The object of this apparatus is to effect self-acting 
regulation of the delivery of the water from a Rajbuha on to the fields. 
The accompanying design shows the arrangement of the apparatus to meet 
the following requirements. 

That the regulation be effected between a maximum level of the rajbuha 
water 6 inches below the top of the bank, and the minimum level 3 feet 
6 inches below the top of the bank, that is a difference of 3 feet between 
the highest and lowest water level of the rajbuha. 

That the water be delivered over a gauging notch on the outer side of 
the bank, the crest of the fall over the notch being scarcely lower than the 
lowest water level of the rajbuha. 

That a uniform discharge of one cubic foot per second be maintained 
under all heads within the above-mentioned limits. 

General explanation of the design. — The following is the mode of action. 
A float rising and falling with the rajbuha water closes and opens a 
specially designed valve through the medium of a wheel shaft and fusee. 

A brickwork well is constructed in the rajbuha bank, through the bottom 
of which the discharge passage passes, an efficient grating covers the supply 
ends, so there will be no obstruction in the rajbuha, and floating matter 
will not get foul of the valve. 

Fig. 1 is a drawing (£ actual size) showing the construction of the valve. 
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Fig. 2 (^ of the full size) shows the float floating on the water in the 
well (in this instance at its highest level) the float chain wheel, shaft 
valve, fusee and valve chain. 

Fig. 3 shows (same scale) the proposed method for securing the valve 
and gear against being tampered with or accidentally injured. 

Fig. 4. shows the well and passage, and the arrangement of the float and 
valve gear. [ 

Detailed explanation of the various parts. — The valve consists of a sheet 
of leather with wooden stiff eners on each side, those on the pressure side 
being bevilled to admit of the lower end of the valve being turned back 
and raised up. The valve aperture will be uncovered by lifting the so 
turned up lower end, and again closed by lowering it. This will be readily 
understood by referring to Fig. 1. 

Slight variations from the above-mentioned method of construction may 
be made. 

J have constructed a small working model of the apparatus, the size 
being J of the module shown in the design. In the valve the back and 
front stiffeners were not separate, but in one piece, and two strings pass- 
ing through the successive pieces kept them all together, the sheet of 
leather being altogether dispensed with. Although the joints were not 
perfectly water-tight, the regulation was properly carried out, and the slight 
escape of water through the joints did not cause any accumulation of the 
matter mixed up with the water. This was seen markedly, when on one 
pccasion the water was fall of suspended matter, an old beer cask being 
used to hold the supply water and all the refuse of hops purposely left in 
the cask and allowed to mix up with the water supply. 

I consider that leather, however, would last longer than cord, although 
not quite so easily replaced. I expect also that India-rubber -jSg-inch thick 
would be still more durable and efficient, and cost very little more. If 
preferable a cheap and simple system of brass hinge work could be made, 
and would last longer than the wood itself ; the wear and tear would be 
very slight, the angular motion of each piece being slow, and through a 
small angle. My experience of the working of the model makes me" feel 
confident that no difficulty in the practical working of the valve on account 
of the number of joints can be apprehended. 

The special merits oj a valve of this description. — A valve of this des- 
cription is opened and closed without friction, while at the same time. 
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there is no long narrow leaking space between the valve and the valve 
face liable to choke and perhaps fix the valve altogether. 

The force required to open the valve is small compared with the area of 
the valve aperture. It is proportional to the diameter of the semicircle 
formed by the valve in the process of opening and not to the whole area 
of the valve aperture. 

When the valve is nearly closed under the maximum head, the bulk of 
the pressure on the valve is sustained immediately by the face of the 
brickwork, so there are no great strains on the working parts, which can, 
therefore, be made small and slight. 

This would enable a valve of this description to be applied to regulate 
much greater discharges. 

The motion of the valve corresponding to alterations of head, when the 
head is great, is very small ; the motion of the float is therefore great com- 
pared with the motion of the valve, and the leverage by which it moves 
the valve is great, so a comparatively small float will balance the pressure. 

Reducing thus the size of the float, the space enclosed by the brickwork 
can be reduced, considerably economizing the amount of brickwork. 

The fusee. — The form of the fusee, as shown in the plan, is deduced from 
the practical working of the small model before-mentioned. The exact 
form will have to be found by trial, and all other fusees for the same cir- 
cumstances will be identical. 

I performed this adjustment in the model with no difficulty, and on a 
larger scale it would be effected much more easily. 

The lock-up arrangement. — The lock-up arrangement will be more easily 
understood from the drawing than from any description. I consider it 
will effectually close the valve gear against the cultivator, or against acci- 
dental injuries. 

Grating. — I have provided a grating to prevent anything large enough 
to choke the water-way getting into the supply passage. It resembles a 
Venetian blind with laggings vertical instead of horizontal. It will be 
kept from choking by the wash of the stream of the rajbuha past the 
outer face. 

Fig. 5 shows the method of closing the supply end of the passage. 

It consists of a sliding shutter with strips of leather round the edges of 
the face, the taper piece on the back of the shutter will by its wedge-like 
action press it firmly against the face of the brickwork. 
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If desirable I could arrange that the closing of the supply should come 
under the lock and key of the valve-well. The valve could bo removed 
and a water-tight shutter placed over the valve aperture. No doubt a 
certain amount of silt would be deposited at the supply end of the pass- 
age, but it would be washed clean away whenever the passage is again 
opened. 

Model made and tried. — I will say a few words about the model to which 
I have alluded above. It was £ of the size of the module shown in the 
design. A pump maintained a supply of water to a cask, the module and 
well were placed at the side of the cask. The supply entering at the sido 
of the cask caused the water to revolve and represented the flow of the 
rajbuha water. The grating fully served its purpose of keeping bits of 
grass, shavings and scraps of paper from entering the well. 

The cask represented the rajbuba, the depth of water in the cask could 
be varied at pleasure. The module discharged into a shoot 3 feet 6 inches 
long, at the end of which was a gauging notch, under different heads of 
water in the cask, the discharge shown on the notch remained as uniform 
as if a man had been watching the notch and working the valve. 

The gauging notch and consequent abrupt loss of level of water deliver- 
ed are not necessary to the accurate working of the module. The irriga- 
ting channel could commence at the point where on the design the gaug- 
ing notch is shown with its bed flush with the bottom of the notch. The 
notch, as shown, is only a means of testing the accuracy with which the 
module may be made to work. 

It is evident that the valve and gear are of the most simple construction 
possible such as can be made by any village carpenter. The wrought-iron 
work requires no fitting. 

Regulating large discharge. — I wish to put forward the following ques- 
tion. Could it be arranged that several kolabas of ordinary construction 
and without their own regulating apparatus attached should be subservient 
to, and consequently derive their regulation from one regulation of large 
capacity ? Under the impression that regulation at the rajbuha head was 
the great desideratum, I had given the subject a good deal of attention pre- 
vious to the consideration of the regulation of small discharges. 

It was with a view to the former that I first thought of this description 
of valve or sluice about l£ years ago, since when I have devoted much 
spare time to the subject, and I consider that there will be no mechanical 
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difficulty in constructing a regulator of this kind, and regulate a discharge 
of any magnitude. 

Estimated cost. — The cost of the module as shown on the plan will 
be Rs. 38, of which sum the cost of the brickwork and concrete forms 
the greater part, namely Rs. 27. This amount, however, would be 
much reduced if the difference of the lowest and highest water level of 
the rajbuha were diminished. 

R. H. F. 

20th September, 1870. 
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DEFLECTION OF TIMBER, AND "FACTOR OF SAFETY/' 



By A. Valentine, Esq., Assist. Engineer, D. P. Works, Oudh, and 
A.I.C.E. 



As some confusion seems to exist amongst Engineers as to the use of 
the Deflection Formula in calculating the dimensions of timbers, the pre- 
sent writer begs to offer a few remarks in order to assist m forming a 
right conception of it. 

On comparing this formula with that for finding the breaking weight, 
the first source of perplexity is that the results do not correspond. That 
is, whilst with the breaking formula, we employ a constant factor of 
safety, usually 10, with the elastic formula, we find the factor of safety 
(so-called) constantly increasing as the beams increase in span : we say 
" so-called " factor of safety, because it is obviously illogical to suppose 
that a long beam equally with a short one cannot carry safely the same 
fraction of its own breaking weight. That is to say, if a long and a short 
beam will first break with 4 tons and one ton respectively, they will obvi- 
ously carry -^ of these loads respectively with exactly the same safety. 

In other words, the factor of safety is not a Mathematical quantity, or 
one in any way involved in the equation, but is simply a multiplier sug- 
gested by prudential considerations, and is the same for all scantlings 
whose breaking dimensions have been ascertained. 

To return to the deflection formula. The reasons of the discrepancy 
are very simple when ascertained, and give a complete and satisfactory 
reconcilement of the two formulae. At the same time, they do not readily 
suggest themselves. Even Mr. Keay, in his carefully explained analysis 
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and equating of the two formulas has overlooked both these causes (for 
there are two), and his deductions in consequence are erroneous. After 
obtaining, as his factor of safety, about 6 times the fourth root of the 
length (which we shall see presently has no existence in fact) he owns to 
the dis-satisfaction he feels at his own conclusions, by adding (page 28),* 
"The above conclusions appear reasonable enough as regards r, but 
scarcely so for 8 and w. The fact, however, is there, be the reason what 
it may." 

The first reason, then, lies in the absurdity of attempting to compare 
unlike things together. The elastic formula is true of all elastic sub- 
stances, and of all substances within the limits of their elasticity, but 
does not offer the remotest clue, as to how far that elasticity extends, 
much less, as to the absolute strength of any material to resist fracture* 
This brings us to the second reason why the factor 6 f/7 is erroneous. 
Seeing there is no connection between the two formulas, how does it 
happen that this is the numerical result of equating them ? The answer 
is simple ; instead of using the formula in its unadulterated state, as given 

7 nr 

in Barlow, u e., b (f = £ §2lT>> we ** n( * * ne va " a ^ e an< * elastic £ re- 
placed by an unyielding amount called ^- inches. 

Admitting for a moment that there are practical reasons for substituting 
jjr for 3, the fact still remains that the formula is no longer a general 

expression. We will refer to this -jt presently, in the mean time we 

will for a few moments see what 3 really is, and, having restored it, in 
the elasticity formula, again go through Mr. Keay's equating, when the 
result will be found to be highly satisfactory. 

If a beam be uniformly strained per unit of its own length, it will obvi- 
ously assume a circular curve, let 
S be its vertical deflection. Now 
if the length (only) of the beam 
be doubled, then by law of circular arcs, S will become 4 times as great, 
that is, the scantling being the same, the deflection is as I*. 
But 3 varies inversely as depth of the beam. 
Now this depth, as shown by breaking formula, increases in ratio of 

* Keay's " Scantlings of Timbers for Roofs." 
VOL. I.— SECOND SERIES. I 
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£/l.W. But W involves /, for W = Lw. where w is unit of weight per 
foot, so that the beam's depth increases as *Jld or */l\ 

I 9 
So that the deflection is really -5-= = 4/Z 4 ~ ^ 



iJ» Anlv armfinrv J in nlasw* f\f * 

40" 



We will now equate the two formulae only writing i in place of —. 



,V "*8 A .H2 R A — ft v ftO tf * ' * ° — 



&J E * ~ 8 x 32 E* •• v "" 8x32EJ.r 3 

•* y 16x32E^r 3 

\l'G XS2Eir s ) "~ V 2r*p / 

/ i 4 * . w \ a __ ( nP*. w \* 
\l-6x32E*rV "~ VT^T/ 

J 1S #* w* n*Pg*w* 



4-096 x 32 E s x ^ X r» """ 16 *••/>« 

y *«.*.*> 

(32 E) s x *• X r ~ 3-90625 p* 

• n = / ft 3-9Q625 y 4 

/ (82E)'Pr.«.w 

end all being constant but / and S. 

n varies as 4 /iL . But it is above shown that J 3 is as J*. Therefore n 
varies as y £. = ^T = 1. 

The factor of safety thus turns out to be unity ? 

The following Table is constructed showing at how rapid a ratio the 
deflection may safely increase, as compared with the increase of span 
and the practical deduction from it is this, that in constructions where 
the deflection (within the safe limits) is not objectionable, the deflection 
may be rapidly increased with increased length of beams, without in any 
way decreasing the factor of safety, and that in many cases a waste of 
timber must occur, in order to secure a limited deflection increasing only 
as the span. 
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Argument: 2 = £/7\* 



8pan, and deflection 


1 6pan, and deflection 
Deflection according to-according to rale of £ 




ancordhig to rale of 9 


Deflection according 


= -^-Inches, 


Theory and Barlow. 


-^tachea. 


to Theory and Barlow. 


1 


1-0000 


12 


27474 


s 


2-5199 


13 


03-568 


8 


4-3269 


14 


38-742 


4 


6-3497 


15 


36*994 


5 


8-5507 


16 


40*818 


6 


10-902 


17 


43 712 


7 


13-390 


18 


47175 


8 


16-000 


19 


50-700 


9 


18 721 


20 


54-289 


10 


21545 


21 


57-939 


11 


24-465 


32 


61-662 



With regard to the difficulty before referred to in Mr. Keay's Treatise 
about r. 8. and u?., it will now be seen that if we increase r (the proportion 
of breadth to depth) whilst we still calculate for a beam of the same 
strength, its depth being increased, it is less capable of deflection, and 
I therefore becomes smaller, and restores the balance of the equation. 
Again, if we increase 8. or w. (the distance apart, or the weight per foot) 
we must provide deeper beams, and therefore less capable of deflection ; o 
again is diminished, and thus compensates for the increase of «. or t?., 
and the balance of the equation is still preserved. 

No one can read the portion of the Treatise above referred to, without 
perceiving that the writer, though clearly and correctly defining what he 
means by the most inappropriate expression " factor of safety," (a term 
which cannot exist in a deflection formula,) is nevertheless continually 
confusing himself by thinking of the words in their literal meaning. The 
corrected equating of the formula strikes out this so called factor altogether, 
or leaves it only as unity. But if, for whatever reasons, the inelastic value 
of deflection is still to be retained as j~- inches, then the resulting " factor" 
might be called " the factor for providing for a finite deflection," and its 
varying value in each case would represent the relative safety of the beams. 
80 that longer beams are made stronger in proportion than shorter beams, 
simply to provide against a deflection exceeding j? . 

To show how inconstant, in various woods, is the ratio between greatest 
fiafe weight and breaking weight, the following table is condensed from 
Barlow :— 

♦ The factor of safety is conbtant in all these. 
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Wood. 


Ratio of safe to 
breaking 
weight. 


Wood. 


Ratio of safe to 

breaking. 

weight. 


Teak, 

Poon, 

English oak, 

Dantzic ditto, 

Adriatic, 


1 

813 

1 
560 

1 
300 

1 
2-5 

1 
36 


Beech, 

Elm, 

Pitch pine, 
Red ditto, 

New England fir, 


1 

4 

1 
31 

1 
41 

1 
34 

1 

28 



So that whilst Poon will only bear abont £ of its weight without injury, Danteic 
oak is not injured by a load of J to J its breaking weight 

The above remarks may be briefly abstracted as follows : — 

The elasticity formula only shows the amount of deflection under 
given oonSitions of weight and soantling within certain fixed limits, and 
gives no clue as to how near those limits approach the breaking weight, 
or to find, conversely, necessary conditions of weight and scantling, so 
as to produce a given deflection. 

In constructions where the amount of deflection is of no consequence the 
deflection formula of -7^ should not be used, as it is wastefully strong. 

In such cases, find the necessary scantling by breaking formula, and 
then if desired, the amount of deflection can be ascertained by elasticity 
formula, to determine whether the amount of deflection is likely to be 
injurious in any way. 

A word about the amount, namely ^ inch per foot, I do not find 
how it originated. Keay merely says, without any reason being assigned y 
that the deflection may be assumed at ^ inch per foot of half span. 
He quotes Boileau's Tables of many year's previous date, but this writer, 
too, gives neither reason nor authority for the amount. I have some- 
times wondered if they have mistaken Barlow's meaning when he says 
(p. 178 of 1851) : " The deflection of ^ inch for each foot in length 
is not injurious to ceilings, indeed the usual allowance for settlement is 
•boat twice that quantity, ceilings have been found to settle about 4 times 
that quantity without causing cracks, and have been raised again witliout 
injury." 
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This evidently refers to the ceilings, not to the timber, and they are 
here stated to settle usually " about double that quantity," t. e. y of J&. 
In another place, on the subject of ceilings, he says, that the great elasti- 
city of timber prevents it practically from being of such small scantlings 
only as are requisite for strength. 

That a fixed amount per linear foot should be assigned as the safe de- 
flection of a given piece of timber, no matter what load it may bear, t. «., 
what its depth may be, is simply inconsistent, that is, as regards its 
safety at least, for, as has been before stated, and as is almost self evi- 
dent, the capacity of the same material for deflection is inversely as the 

depth. 

A.V 



Remarks upon the Deflection of Timber and the " Factor of 
Safety " as applied to the formula for breaking weight for beams 
subject to transverse strain, with reference to some observations on 
the same subject by A. Valentine, Esq., A.IC.E. By P. Keay, 
Head Master, 2nd Department, Thomason College. 

The two formula in general use for calculating the scantlings of beams 
subject to cross strains, are so well known that I need merely note them 
down, and proceed with any remarks the subject may appear to require. 

Formula for deflection, E = £ X j^r* (i). 

Ditto for breaking weight, P = — ~ (ii). 

In both of these formulas, the weight (W) is supposed to be uniformly 
distributed; the length (L) in feet, and b, d and 2, (the breadth, depth 
and deflection, of the beam,) in inches. 

In calculating the scantling of a beam by the first of these formulae, 
no factor of safety is required, because a certain value, such as experience 
warrants as being 8uitable y is given to (3), and by this means a beam is 
determined which will support the load ( W) without deflecting more than 
the limit fixed for (d). The value usually given to (3) is jg= of the beam's 
length; or stating it in another way — The beam may be deflected, 
without injury to the general structure of which it forms a part, to the 
extent of ^ of an inch for each running foot of the beam's length, count- 
ing from the point of support to the lowest deflected point of the beam. 
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Now, in the case of a beam supported at both ends and loaded either 
uniformly or at the centre, the above rate of deflection amounts to — of 

an inch for each running foot of the beam's total length between the points 
of support. So that if the length of the beam, in feet, be L, the deflec- 
tion at the centre, in inches , will be L X 75; or 5 = rg inches. 

There is no other reason for giving the above value to (J), so far as I 
know, except the simple fact that experience has shown in the case of 
numerous trials, and of structures that have successfully stood the test of 
Time, that Roof timbers may be deflected to this extent without injury to 
their coverings. 

With reference to the objection raised by Mr. Valentine, that by assign- 
ing a fixed value to (£) as above, or rather a fixed proportion of the 
beam's length as the value of (3), the formula ceases to be general ; I 
cannot see that there are any good grounds for such an objection ; as all 
formula? of this kind must have particular values assigned to some of the 
symbols, if we are to apply the formulas to the solution of any practical 
problems. 

Of course, the formulae will not then be " general," but they will be 
general so far as our purpose requires them to be so, and no farther. 
If we are not to give particular values to such of the symbols as our 
purpose may require, of what practical use are the formula) ? 

I may have mistaken Mr. Valentine's meaning, but such appears to be 
its purport, so far as I can judge. 

If the scantling of a beam be determined by the second of the above 
formulae, the beam will just break with the weight (W). To make use 
of this formula then, for practical purposes, it becomes necessary to use 
some factor of safety, such as experience has shown to be suitable. 

This term, " factor of safety," is used by people in two different ways, 
but the meaning is really the same. 

One person will say, for instance, that the factor of safety is one- tenth, 
while another will say it is ten ; both meaning in reality the same thing. 
The first would explain his meaning by saying that the beam is to be loaded 
with one-tenth of its breaking weight, whereas the other would say that 
the beam is to be made strong enough to require ten times its permanent 
load to break it. 

These are only two different ways, of course, of stating the same con- 
ditions, as to the strength of the beam compared with its permanent load. 
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Regarding the value of the factor of safety, as determined in the College 
Manual on the Scantlings of Beams, (pages 20 to 25,) it is necessary to 
notice clearly what the investigations are intended to determine. It will 
he seen that the whole object of them is merely to ascertain what the factor 
of safety must be so that the formula for breaking weight may give a 
beam of the same scantling as that obtained by the formula for deflection, 
when the value of (d), in the latter, is fixed at -~ inches, as explained be- 
fore. Under these conditions it will be seen that the factor of safety 
varies as the fourth root of L. Again, for a certain rate of loading on 
the beam, that is at the rate of 400 lbs. per running foot of the beam's 
length, and when the ratio of the breadth of the beam to its depth is that 
of 1 : V2, it is shown, beyond a doubt, I think, that the factor of safety is 
about 6 *SL 

The shortest and simplest way to settle any doubt there may be as to 
the correctness of the conclusion arrived at in this value for the factor of 
safety, is simply to use it in the formula for the Breaking weight, and see 
whether the scantling of beam, so determined, be the same, or nearly the 
same, as that determined by the formula for deflection. 

Take the case of a sal beam, 20 feet between the points of support, and 
loaded with 8,878 lbs. uniformly distributed. By the breaking weight 
formula, and using 5*962 f/L as the factor of safety, as found for sal 
(page 22 of Manual) we find :— 

b = 3 / l.W. 5-962^/L ^»/ L*xS878x5 962 
/ 4»1>. / 4x769 



= / 



- S /20* 



X 8878X5-962 = 8 . 995 ^ 
4 x 769 



and d = b y/2 = 12*72 inches. 
By the formula for Deflection we find — 



25 ^"g 



, = fr X W X ft? JjW X 8878 X ^^ 

= 8-918 inches, 
and d = b a/ 2= 12*612 inches. 
The slight difference observable in these two results is due to the fact 
that the factor of safety, as used in the first equation, was deduced from 
the case of the beam being loaded at the rate of 400 lbs. per running foot of 
the beam's length ; whereas in this case, the rate of loading exceeds that 
by 878 lbs ; being an allowance made for the weight of the beam itself. 
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It may bo more satisfactory if we compare the results obtained by the 
two formulae iu a more general way. 

Suppose L = the length in feet as before ;d = &V2,W = 400 x L 
D lbs.; and the timber sal, whose constants for Breaking weight and 
Deflection are 769 and 4963 respectively; and let 5-962 f/H be the 
factor of safety. 

The value of b by the formula for Breaking weight will be — 

, 3 / L.W. 5-962 J/T a / Lx4000Lx 5962 L* 
"=/ 4> = * 4x769 

/ L x 596-2 - -9187 X L 
= V 769 

Again, by the formula for Deflection — 



7L'xWx 2 -£ i ^l= 4 /L'x400Lx^y2 
V 4E V 4x4963 



-/' 



2500 Wo 1 

* -w 1 = ' 9l87 * L 



being identically the same as the other value. 

These examples show clearly enough that the problem proposed in the 
li Manual on Scantlings," (pages 20 to 25,) has been correctly solved. 

I think Mr. Valentine is in error as regards his remarks commencing— 
" If a beam be uniformly strained per unit of its own length, it will 
obviously assume a circular curve, &c." 

Suppose the beam to assume the form of a circular curve under these 
circumstances, (I do not know that it does so, although it seems reason- 
able to suppose it will assume the form of a curve of some kind,) and the 
length (only) of the beam to be doubled ; it appears to me that (£) will 
not become four times as great as before, as Mr. Valentine states, but it 
will become eight times as great ; and if the length be trebled, d will be- 
come 27 times as great as before, and so on. 

This is evident, I think, from the general formula— 

For all values of L, W, J, d, and £ in this expression, so long as the 
material is the same, and the deflection is not carried so far as to injure 
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the elasticity of the material, we derive the same constant quantity E. 
Now, this being the case, it is clear that if we double L, and all the other 
quantities, except 3, remain as they are, we shall have (2 L) 8 , or 8 L J , 
in the numerator, and as £ is constant, 3 will be changed to (8 $). In 
tact the curve, if circular, will evidently be that of a circle different from 
what it was before. 

This could be very easily tested by an experiment upon any rectangular 
slip of wood of a few feet in length, and an inch or two in scantling.* 

Some of the latter portions of Mr. Valentine's reasonings I have not 
succeeded in following Tery clearly, so I cannot form much of an opinion 
on them, but I have stated my own views of the matter so far as I under- 
stand it. I know of no foundation, except that of experience, for any 
limit to the deflection or any value to the factor of safety. What I 
attempted in the " Manual on Scantlings," was merely to assimilate the 
latter to the former, and this I believe I have done. Of course, for 
a different rate of loading the factor of safety would differ somewhat 
from what I have found it, but in all cases it will be in the form of 
m*/ l", m being some numerical factor whose value will depend upon 
the rate of loading of the beam, per running foot of its length, and also 
upon the ratio of b : d. 

In the case of a beam supporting 400 ft>s. per running foot of its length 
the factor of safety, as has been shown, is about 6 4 */ L". 

In all structures the practical question to be considered is the deflec- 
tion, rather than the chances of breaking, and this being the case, the 
principle of making the factor correspond to some known safe rate of 
deflection, appears to be a sound one. We know then exactly what we 
are doing. In the case of trusses for instance, it is very essential that 
the rafters should not be deflected beyond a certain moderate limit, other- 
wise the consequent increased thrust on the foot of the rafter, and hence 
also, an increased tension on the tie-beam, may seriously indanger the 
safety of the whole roof. 

P. K. 

• Since this was written I got Mr. Campbell to test this point In tho Roorkee Workshops, and 
the malts clearly corroborated what la Inferred above, from the formula. 

Mr, ValenUue't theory about the beam attorning the form of a circular curve it (here/ore not borne out 
bf Barloufs formula ; and hence alto, all the reasonings and conclusion* based upon this theory require 
the tuppert of reason* not deduceablefrom the formula which it under discussion. 

VOL. I. SECOND 8KRIES. K 
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[Note by Editor.] 

The use of the term factor of safety in reference to the deflection 
formula is certainly liable to cause confusion; and I agree with Mr. 
Valentine in considering that it should be replaced by some other term, 
such as " practical co-efficient." 

Barlow's formula does not treat (directly at least) of breaking weight, 
and of this of course Mr. Eeay (when comparing the different formulas) 
was aware : as he shows (on p. 14, of the manual) that E represents the 
weight which would cause a deflection of 1 inch at the centre of a piece of 
wood, one inch square, and spanning one foot. 

By substituting, for the variable " * " of Barlow's general formula, the 

term ttt inches, we specialize the formula to denote the conditions of a 
water-tight roof; assuming that no roof covering can be secure from dis- 
placement, and consequently cracks, if the deflection exceed -j^th of an 

inch for every foot of span. 

However interesting it may be to try to equate the results given by 
using the different formulae, I do not consider it of much practical value. 

In practice I (as probably most Engineers) have always adopted the 
plan of ascertaining the proper scantlings of roof timber by formula ex- 
hibiting their breaking weights : and the results I have checked by ap- 
plying the (specialized) deflection formula, in order to ascertain if the 
requisite stiffness had been ensured. 

It is thus, separately, that the formulae for strength and stiffness should 
be used. The formula has, I believe, yet to be found, from which can be 
deduced, in one simple operation, scantlings which will satisfy the condi- 
tions of possessing the requisite strength to resist fracture, and the stiff- 
ness to avoid a specified amount of deflection, ensuring at the same time 
economy of material. 

A. M. L. 
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No. IX. 



BURNING BRICKS WITH OOPLA. 

[See Plate V., page. 68.] 



By (tke late) Major J. T. Tovey, Executive Engineer, P. IF. Depart- 
ment Cawnpore. — 31*2 August, 1870. 



n 



In consequence of the necessity of manufacturing bricks in Bundel- 
khund, where firewood is procurable with difficulty, the writer made experi- 
ments to determine the possibility of firing bricks in flame-kilns with the 
dried cowdung used as fuel by Natives. 

There were several serious objections to the use of cowduug : — 

(1) It clinkers, and chokes the fires. 

(2) The quantity of ash is so great as to stop the draught, and 
to extinguish the furnaces. 

The length of flame is small. 

The lightness of the material and its bulk make it difficult to 
feed the furnaces. 
The first three difficulties were successfully overcome by using transverse 
fire-bars, on which the clinkers could be broken with pokers, and by making 
a door to the ashpit through which the ashes could be raked out. The 
shortness of the flame was met by reducing the height of the kiln to 8 
feet above the sill of the furnace-door. Unfortunately, the flame-kilns 
could not be reduced in their width of 18 feet, but it has been determined 
that a width of 14 feet will answer well. The extra width of 4 feet made 
little practical difference in the cost, although there is a great difference in 
the proportional out-turn of underburnt bricks. 

Attached is a comparison of the respective out-turns and cost of kiln 
of wood-burnt bricks and of a kiln of cowdung-burnt bricks. In such a 
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comparison, the test of brick manufacture is the out-turn of bricks of the 
first class fit for bridge- work : — 

The out-turn from the flame-kiln was 172,250, out of 211,100 loaded, 
at a cost of Es. 10 per 1,000 of first class only, including all charges incurred 
on account of peela bricks, &c. ; being a percentage of 81£ of first class. 

The out-turn from the cowdung-kiln was 24,900, out of 38,050 loaded, 
at a cost of Rs. 9-8-0 per 1,000 of first class only, including all charges 
incurred on account of peela bricks, &c. ; being a percentage of 65£ of 
first class. 

However, owing to the width of the kiln being 18 instead of 14 feet, about 
8,000 more bricks were loaded than could be properly fired. If allowance 
is made for these, the percentage will be raised to 82 per cent, of first 
class ; and the undersigned believes this percentage of out-turn will be at- 
tained in kilns built for the purpose, at a less cost than wood-burnt bricks. 

Annexed are detailed drawings of a kiln adapted for firing with cowdung, 
and a memorandum of the method of loading and firing, that perhaps may 
be useful to others. 

The undersigned believes less skill will be needed for firing with cow- 
dung than with wood. J. 



Memorandum on the method of Loading and Firing Bricks in Kilns with 

Cowdung. 

I. Loading. — The most important thing to attend to is the packing of 
the bricks in the kiln. If the closeness of the bricks checks the draught 
through the furnaces, the fires will not bum, and the bricks will turn out 
badly. Also, if the bricks are packed in such a way that, in sinking from 
the construction of firing, they jam together and check the draught, the 
same effect will be produced. This effect will be produced by packing the 
bricks all across or all along the kiln. 

A detailed drawing of a method of packing that has proved successful 
accompanies. Beneath the fire-bars, the bricks may be set touching each 
other. Above the fire-bars to the 13th course they may be set half an 
inch apart. The 14th or chain-course is intended to prevent the bricks 
from getting jammed, and supplies spaces for the fires to rise through. 
The courses above this arc alternately set along and across the kiln, the 
ends of the bricks touching, but with a clear open space of not less than 
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half an inch between their sides. It is better to set them three-quarters 
of an inch apart ; indeed, an inch would be better than half an inch, as 
every thing depends upon the fire rising and circulating freely. 

The top course is laid touching, and a little higher than the sides of 
the kiln. As the fire proceeds, the bricks sink a little and incline in- 
wards, leaving a space between the sides of the kiln and the load, as shown 
by the dotted lines in the drawing. Towards the close of the firing, this 
space will be filled with fuel : until then it must be kept carefully covered 
over at the top by the brick-on-edge. 

II. Firing. — When the loading has been completed, the pieces of bricks 
broken in the loading cleared out of the furnaces, and the kiln-doors at 
the ends built up, the iron-doors are fitted to the furnaces and ashpits. 
The furnaces are then lighted up, and the firing is proceeded with in the 
usual way; gently at first to drive off the moisture contained in the 
bricks ; after which the fires are increased until the flame appears on the 
top of the kiln. The top of the kiln is then covered completely over 
with broken cowdung about six to nine inches in depth, and as this ignites, 
it is covered over with earth to keep the heat below. The cowdung should 
not be laid on the top until the fire has appeared over the whole of the 
top. The fire will rise most quickly above the furnaces where the cow- 
dung will ignite as it is laid on. As soon as the cowdung is well lit, it 
must be earthed over to drive the fire to the cowdung covering between 
the furnaces, which is also gradually covered over until the whole top is 
earthed in. The top is then watched, and round holes 9" diameter are made 
in the places where the fire is slack, so as to draw the fire to them, and to 
equalize it over the whole surface. 

On the last day of firing, the cowdung on the kiln-top is renewed after 
the ashes have been swept off. The vacant space round the inside of the 
kiln- wall is also filled with broken cowdung. The earth covering is added 
the same as before. 

The ash from cowdung is so dense, that the draught would be checked 
by it were the vacant space round the inside of the kiln-walls filled ear- 
lier; also, if the top course is set so loosely as to allow the ash to fall 
through from the top into the body of the kiln. 

As soon as the kiln is once lit up, the furnace-doors should be shut and 
luted with wet clay, and the peep-hole plugged. The ashpit door should 
be put on, but tilted just enough to give sufficient air to koop the furnaces 
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bright. Too much air will cool the furnaces ; there should be as little air 
as will do. 

It must be remembered that cowdung, although bulky, is not dense, 
and if a furnace is filled quite full, it will burn out in twenty minutes. 
The furnaces must be filled four times an hour, and, however quickly the 
furnaces are refilled, enough cold will be admitted to prevent the bricks 
from being overburnt. There is no danger of overfiring cowdung, and 
the furnaces must be kept as full and as bright as possible to produce a 
good out-turn. 

The firing should be kept up for about five days and five nights, though 
it cannot be said that this will be the exact time required for firing. 
Damp or stormy weather will delay the firing, and perhaps require another 
day, whilst it is equally possible a day less may be sufficient. Time is no 
test whatever. The only test is whether the top course of the kiln is 
burnt to a sound red. To ascertain this, carefully abstract a brick from 
one of the most favored places of the top course (replace it with another 
at once) and as soon as cool you will see the quality by breaking if it is 
stained with ash. This should be done at the end of the fourth day, and 
at intervals of six hours. As soon as the bricks are of the proper color 
just over the furnaces damp that place with earth, and lead the fire to the 
underbumt spots. When the whole is of the proper color on the top, 
damp the whole top complete, and close after firing moderately for six 
hours ; filling the furnaces as full of cowdung as they will hold before 
bricking up. 

The points to be attended to are :— 

(1) To pack the bricks in the kiln at not le6S than three-fourths 

of an inch apart ; everything depends on a draught through 
these interstices. An inch would be better than three- 
fourths of an inch. 

(2) To keep the fires as strong as possible. It is believed cow- 

dung will not melt the bricks, as the doors must be open- 
ed three or four times an hour, by which the heat is much 
reduced. The ashpits must also be kept clear. 

(3) To continue the firing until the bricks on the top of the kiln 

are thoroughly burned. This is the only test of successful 
firing. The quantity of fuel used and the time are no tests 
at all of whether the contents of the kiln are burnt enough. 
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No. X. 



MANUFACTURE OF HYDRAULIC CEMENT. 



Used in the Second Barrier Works of the Upper Godavery Circle, 
Central Provinces. By J. W. Glass, Esq., Assistant Engineer, 
' P. W. Department. 

The Lime Stone is of a bluish color, has a coarse grain, and is inter- 
spersed with veins of carbonate of lime. It contains hydraulic properties 
in a slight degree, bnt mortar prepared from it without the admixture of 
clay cannot be used in masonry exposed to the action of water. The 
quarry from which the stone is obtained is close to the kilns, and the cost 
of the stone, delivered at the kilns and broken into pieces to pass through 
a 2£* ring, is Rs. 4-8 per 100 cubic feet. The kilns used for burning the 
stone are circular in plan and oval in vertical section, and the fuel used 
is wood, in the proportion of two of wood to one of stone. The kilns 
are generally drawn about 86 hours after being set fire to. The stone is 
cleared as much as possible from the ashes of the wood expended in burn- 
ing it, and it is there slaked and sifted through a screen made with § * 
wire one-eighth of an inch apart, and placed at an angle of 45°. 100 
cubic feet of stone produce 150 cubic feet of lime nearly, and the cost of 
production is Rs. 8 per 100 cubic feet. 

The Clay with which the lime is mixed is of a dark blue color, and is 
found overlaying the lime stone at about from two to four feet below the 
surface. There is, however, no apparent difference between surface soil 
tnd that which we use, and I think it would be found to be equally as 
good a mixture as the other. The surface shows extensive fissures in the 
hot weather, which contract somewhat in the rains, and the soil has the 
appearance of what is generally known as " cotton soil." 
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Lime and clay are mixed in the proportion of five parts of the former 
to fonr parts of the latter, (the clay is freed from all lumps before being 
used,) and put into a mortar mill, worked by steam ; water is added and 
it is ground till it is of the consistency of a thick paste, when it is ready 
for being made into cakes. The mortar mill holds 15 cubic feet; the 
time occupied in grinding varies from 12 to 16 minutes ; and the loss is 
about one-fourth of the quantity put in. 

This " raw cement" is then removed in wheel-barrows to the " drying 
ground," a space cleared from grass and bushes, where it is made into 
cakes of 6 inches diameter and one inch thick, and is left exposed till 
thoroughly dried. In the hot weather, the drying occupies about 24 suc- 
cessive hours. When thoroughly dry, they are ready for burning. The 
kilns used for this purpose are circular in form, 20 feet in diameter and 
about 9 feet high. The cakes are packed on edge in courses, and to four 
such courses, one course of wood about 6" thick is allowed. The wood is 
in lengths of 2 J feet and should not be too dry, and split wood is better 
than branches. 

The time occupied in burning is about 12 hours and the same time is 
allowed for cooling. The process is then complete. The cement costs 
Rs. 14-5 per 100 cubic feet, including all labor and material, likewise 
native superintendence. The hire of a coolie is four annas per day, and of 
a woman two annas. 

In making and burning the cakes the greatest care is necessary. If 
they be made thicker than one inch, a larger quantity of wood will be 
required and a greater quantity of ashes will get mixed with the cement, 
and as a considerable number of the cakes get pulverized in the loading 
kilns and burning, it is impossible to separate the ashes, and the mortar 
produced will consequently be inferior. If an excess of fuel be used, the 
cement will be over burned, and vice versd. To distinguish properly burned 
cakes from over and under burned ones, break a cake, and if the surfaces 
present a pale red color it is good, but if a dark gray or dirty yellow, it is 
under burned in the one case and over burned in the other. The under 
burned cakes may be recalcined, but they should be placed farthest from 
the heart of the kiln. They are never knowingly used for mortar, and if 
any should happen to get mixed with good cakes, the appearance of the 
mortar is sufficient to betray the mixture. Cement of which 10 to 15 
per cent, is over burned and the rest good produces a yery fair mortar, but 



Digitized by VjOOQ IC 



MANtTFACTURB OF THE HYDRAULIC CEMENT. 73 

we bare now seldom occasion to use that mixture, as the process of burn- 
ing is so thoroughly understood that it rarely happens there is a kiln with 
so much as 10 per cent, overtrained. 

The mortar is composed of one part of cement, and one part of clean, 
sharp river sand, and is ground in mortar mills worked by steam ; as soon 
as ground, it is used. From repeated experiments I hare found that 
freshly ground mortar made into a ball about 3" diameter, and compressed 
with the hands sets firmly under water in about 24 hoars, and in about 60 
hours is quite hard, and the longer it remains under water the better it 
seems to get. Balls of it that have been under water for two months, I 
have allowed to fall from a height of 8 feet on to stone without their 
breaking, and it was only after repeating it two or three times that they 
• broke. In the locks and other masonry works now under construction 
here, this mortar sets slightly in about 12 hours, and in from four to six 
days it is quite hard ; it requires to be kept constantly wet during the day 
for at least a month after building. If it is not, the result is that the 
mortar crumbles into dust on being rubbed with the fingers, and is about 
as useful to the strength of the work as so much sand would be. In my 
sub-division, I have the masonry kept wet for at least two months after 
building, and I think it is beneficial to do so. I have had occasion to 
knock down small portions of masonry which had been built for two or 
three months, and I invariably found it more difficult and much more ex- 
pensive than hard rock excavation. As a rule the stone broke before the 
mortar. 

Doubtless there is as good mortar in a few parts of India, but I am 
certain a better does not exist. 

I may mention that at the end of the working season of '68, the Exe- 
cutive Engineer of the 1st Barrier Division, Mr. Rhind, and I, tried an 
experiment with the nodular lime-stone, (the ordinary gooting,) and we 
found that manufactured in the same way as described, it produced a very 
fair cement, but inferior to that from the other stone. The reason no 
doubt was that we had not found the proper proportion of the clay to use 
with it, and the experiments were not continued to enable us to do so. 

ESCHAITPILI-T, 1 J. W. G. 

Ath February, 1871. j 
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No- XI. 



SNAG BOATS ON AMERICAN RIVERS. 



By Captain J. M. Heywood, R.E. 



The immense increase now taking place in the population, and wealth of 
those States known as the Western States, has naturally caused a great 
amount of newly awakened interest in the channels of communication with 
the countries and States lying beyond them. The most important of these 
is the Mississippi, and its tributary rivers the Ohio, Missouri, &c. Owing 
to the densely wooded nature of their banks, and the eroding power of the 
above vast rivers on their margins, their beds are strewed with huge trees, 
which swept in on the falling of the undermined bank, sink root* downwards, 
and present one of the most serious obstacles to navigation. When the 
water falls, the heads of these trees or snags, are to be seen in hundreds ; 
every fresh lowering of the level discloses others which from their more 
inclined position or shorter length had previously remained hidden. It 
may readily be imagined that a steamer leaving the middle channel to 
avoid the rapid current, and steaming against one of these Snags, runs a 
chance of seriously damaging itself. Such is too often the case, and the 
reports of the various Chambers of Commerce of the cities between which 
the steamers ply are filled with such items, as " steamers sunk," a " total 
loss;' 

The Snag boats employed on the Ohio and Lower Mississippi, whilst 
I was on those waters in 1869, were the Abert, DeKussy and Song. Two 
others were in full operation on the Upper Mississippi and Missouri, and 
a new boat of light draught was being built at Cincinnatti for the 
Arkansas river. 

A Snag boat is simply a double hulled boat with powerful machinery 
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for lifting the Snags, and for cutting them up when so lifted. Previous 
to the Great Civil War in the States, the machinery for propelling the boat 
was also utilised for pulling the Snags : now however the two operations 
are performed by independent machinery to the great improvement of the 
working. 

The great number of auxiliary engines on American steamers of the 
kind under description is one of the most noticable features ; for instance 
in a model of one which it is intended to build when funds are voted for 
the purpose, there were 

2 Main engines, cylinders 22", length of stroke 6 feet. 

2 Doctor engines, each to supply two of the boilers. 

2 Auxiliary engines, cylinders 6" diameter and 12 inch stroke to drive 
two geared capstans. 

3 Auxiliary engines, to drive the saws required to cut up the Snags when 
on the cradle. 

2 Auxiliary engines, cylinder 10* diameter and 15" stroke, to drive 
the gearing of the hoisting machinery. 

The hulls of the boats to carry the above machinery are intended to be 
each 160 feet long, 26 feet beam x 25 feet floor and 7 feet in depth of 
hold. The operation of pulling the Snags and removing them from the 
bed of the river is very simple. The double hulled boat is steamed against 
the stream towards the Snag, which is caught by a chain slung across 
from hull to hull. A small chain which is wound round a capstan in the 
deck is then attached and drawn upon, till the Snag has been pulled 
sufficiently to allow of the men adjusting a larger chain ; the latter is 
wound round a steam drum midships, and being acted upon by indepen- 
dent auxiliary engines of considerable power, is usually easily set in 
motion with the attached Snag. The Snag once lifted in to the cradle is 
cut up into convenient lengths by the side saws, and thrown over into 
the water in pieces. The work done by the three Snag boats I have 
mentioned as plying on the lower Mississippi and Ohio is very large. 
Thus the Abert between 28th March and 80th June, 1868, pulled 158 
Snags: the DeRussy between the 11th of May and 30th June, 1868, 
pulled 222 ; and the Song between the 25th of April and 30th June pulled 
149. Some of the Snags pulled were enormous ; for instance on the 8th 
April, 1868, the Abert pnlled a Snag 104 feet long 6 feet 3 inches diameter 
at butt and 3 feet 3 inches at top ; on the 1 1 th of the same month, it disposed 
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of one 130 feet long, 6 feet 4 inches at butt and 3 feet at top. The largest 
drawn up during the season (1868) was 119 feet long, 7 feet diameter at 
butt and 4 feet 4 inches at top. This Snag was imbedded 27 feet in the 
bed of the river, and was removed and brought <?n to the cradle with the 
soil adhering to its roots without having caused any injury to the machinery 
or rigging. Later in the year (September, 1868) the Alert drew up an 
enormous sycamore log, 45 feet long, 35 feet 6 inches round the butt, 
and 16 feet round the top, the operation took 4 J days. This again was 
exceeded, for the Song removed at a place below Memphis a Snag 74 
feet long with a girth round the butt of 34 £ feet and top of 17$ feet, 
weighing 103 tons. The cost of a double hulled Snag boat similar to 
those now at work is about £10,000, and the monthly expense including 
fuel, wages, &c, £450. 

J. M. H. 
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No. XII. 



SIMPLE RULES FOR RECOGNIZING STARS. 



By Lieut. H. W. Clarke, R.K 



Many persons find considerable difficulty in learning the positions of the 
principal stars ; it is, therefore, proposed, in this paper, to give a few 
simple directions, by aid of which some of the stars can, immediately, be 
recognised. Some fixed, known points having been, thus, obtained, less 
difficulty will be experienced, in learning the positions of other stars, not 
so easily observed. 
In observatories, a star is found, by means of its right ascension r N and 
Fig. 1. its declination N S ; and these co-ordinates of 

a star's position, are, for stars which are fre- 
quently observed, kept recorded in the observ- 
ing room, for easy reference. 

But, we are not supposed to be thus fur- 
nished. If one stand, on a clear night, facing 
the east, and observe a bright star, it will be 
noticed that the star rises higher and higher, 
reaches its culminating point, passes it, des- 
cends, and sets in the west : it will further be 
observed that that star, each succeeding night, reaches its place (the place 
in the heavens in which it was first seen) sooner. 

The rate of this change is six hours in three months. Let us take 
a station in the northern hemisphere and look towards the north. 

Since the earth makes an entire revolution from west to east, in the 
space of 24 hours, we should, but for the light of the sun, be able to 
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view the entire starry firmament in the northern hemisphere in that 
time ; bat, as it is, we are unable to do so. 

The small change in the time, at which a star occupies the position, it 
had, on some previous night enables one to view all the stars, in succession. 

The motion, that the stars appear to have, is due to the rotation of 
the earth, from west to east, making the apparent motion of the stars, 
from east to west, on its axis. 

The path of each star is parallel to the plane of the equator. 

Hence, to an observer, at the pole, the stars will appear to describe 
circles parallel to his horizon, and the stars will never set 

While, to an observer, on the equator, the stars will appear to take a 
vertical path and will daily set. 

It is evident, that near the pole, there will be some stars the path of 
which, to an observer in the northern hemisphere, will always appear 
above the horizon. These stars are called circumpolar stars. 

Fig. 1. 



ftrseu*. 
Algol, 









Capelhv. 



G%hXf/jfa,* 



Lyr 



\ 



*** 




Since, the entire rotation of the diurnal movements is effected in 24 
hours, a quarter of the total movement is accomplished in six hours. 
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It, therefore follows, that a constellation, sach as the Great Bear, repre- 
sented on the right of the pole, at mid-night, on the 20th December, 
will be, at 6 o'clock in the morning above the pole star, the rotation taking 
place from right to left (against the hands of a watch), as stated before. 

The appearance of the plate will alter, also, with the season, owing to 
the advance of the earth in its orbit, each star occupying earlier the 
position of the preceding night : the following table will show this : — 



Wnd 
March. 



2lBt 
Jane. 



12nd 
September. 



Rf. )» as it stands, .. 
Bight hand side at bottom, 
Top side at bottom, • • 
Left hand side at bottom, 



6 P.M. 


Noon. 


6 a.m. 


Mid-night. 



Noon. 
6 a.m. 
Mid-night 
6 P.M. 



6 a.m. 
Mid-night 
6 P. m. 

Noon. 



The farther one goes from the pole, the fewer are there circnmpolar 
stars. 

Let it be mid-night, near the 20th December, let us look towards the 
north. 

We shall see, removed not far from the pole, a group of seven stars, 
four of which form a quadrilateral, and three the tail, called the Great 
Bear. 

Join, by an imaginary line, the two extreme stars of the quadrilateral, 
farthest from the tail, and produce it ; this line will pass through Polaris, 
the pole star, at a distance equal to five times that between a and /3, Ursa 
Majoris : join d Ursa Minoris and Polaris by an imaginary line ; produce 
it, and at a distance as great, from the pole star, as 3 Ursa Majoris is 
itself from the pole star ; (3 Gassiopea is reached. 

Cassiopea is a constellation having the form of a chair, legs towards 
Polaris. 

By drawing a line through the two stars of the quadrilateral of the 
Great Bear, nearest Polaris, and producing it, Gapella (a 6tar of first 
magnitude), in the constellation of Auriga, is met, near the zenith. 

Algol, in the head of Perseus is to the west, above Gassiopea. 

Looking south, on the 20th December, at mid-night, we shall see the 
constellation of Orion recognisable by four stars, two of which are 
of the first magnitude, forming a quadrilateral, higher than it is broad, 
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and distinguished by three stars of the second magnitude, placed in a 
straight line in the middle of the quadrilateral : of which a (Betelgeuso) 
has a reddish tint. 

Fig. 2. 
















/ y 



The figure as it stands represents : — 

Mid-night, 20th December. 
Six o'clock in the evening, 22nd March. 
Noon, 20th June. 

Six o'clock in the morning, 22nd September. 
Prolong the line passing through the three stars forming the belt of 
Orion, towards the north-west, and a red star, first magnitude, Aldebaran 
by name, will be seen. This star belongs to the constellation of the Bull, 
and is situated in a gronp of small stars called the Hyades. 

A little farther will be seen the Pleiades, numbering six visible to the 
naked eye. 

Prolong the line through the three stars in the belt of Orion towards 

the south east, and we reach the star a (Sirius) of the constellation Canis 

Major. This star is remarkable for its scintillation and is of the most 

dazzling whiteness; it is the most brilliant star in the two hemispheres. 

Towards the east, and at the same height (circa) as the belt of Orion 



Digitized by VjOOQ IC 



BIMVLE RULES FOR RECOGNIZING BTARS. 81 

is Procyon, a star of the first magnitude, situated in the constellation of 
Oanis Minor. 

Observe that Betelgeuse, Sirins and Procyon form a triangle, the three 
sides of which appear to be of equal length. 

Above Procyon, towards the zenith are seen Castor and Pollux of 
the constellation of the Twins ; these stars are of the first and second 
magnitude. The heavens defile before us, from east to west, and we now 
see, on the 22nd March, at mid-night : — To the east of Procyon, a little 
higher, a Regains, star of the first magnitude, in the constellation of Leo : 
this constellation can be recognised by the sickle-like form, which the 
stars present towards the west, and by its proximity, on the west, to Pro- 
cyon of Canis Minor. 

Fig. 3. 



*^ 



'» ^ Jr&T nt/fi^Z^T Reaulu*. 

• V t * *K * 






A & 



at Spiccu 
Denebola is situated in the tail of the Lion, at the other extremity of 
the trapezium, formed by a, y, o and 0. 

At the same altitude, as Procyon (which is setting) is Spica Virginis 
nearly due south of Denebola of the Lion. 
Farther to the east, is seen Arcturus, in the constellation of Bootes. 
Spica, Arcturus and Denebola, form a triangle, the sides of which are 
nearly equal, and of which the line joining Arcturus and Denebola is 
nearly parallel to the horizon. 
This figure represents the stars when seen— 

On the 22nd March, at mid-night. 

On the 20th June, six o'clock in the evening. 

On the 22nd September, noon. 
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On the 20th December, six o'clock, in the morning. 

The heavens defile before as, and we see, on the 20th Jane, at mid- 
night— 

The Milky Way traversing the heavens, from the southern horizon 
to the north-east. 

Near the Milky Way to the west is (Vega) a Lyra?, first magnitude, 
which may be recognised by a small elongated parallelogram below it, 
the declination of this star is nearly 40° north. 

Near the equator will be seen three stars in one line of which one is of 
the first magnitude (Atair) a Aquil©, and two of the third magnitude. 

A line drawn through (a) Aquil© and (3) Aquihe and produced towards 
the south will meet ( Autares) a Scorpii, a star of the first magnitude. To 
the east of (Vega) a Lyras, is a Cygni, a star of the first magnitude. 

Observe that — 

a Cygni, Atair and Vega form an isosceles triangle. 

Fig. 4. 
Ami. 




This zone, Fig. 4, presents the same appearance— 

On June 20th,at mid-night. 

On September 22nd, six o'clock in the evening. 

On December 20th, noon. 

On March 22nd, six o'clock in the morning. 
On the 22nd September, at mid-night, we behold a large square of 
four stars, three of which are of the second, and one of the third magni- 
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tude ; dose to this square, on the eastern side, are three stars of the 
second magnitude, about the same distances apart. 
The figure, thus made up, resembles the group of the Great Bear. 

Fig. 5. 
Casstopea. 

A 



&-&^j ^.*tA 



*&■ £~~°~\ *[,%■ 




\ 

\ 
\ 

\ 
\ 
\ 

-k 







Fteiade** 



AUehardn. <*k*isc*+ 

This figure offers the same aspect on 

September 22nd, at 12 night. 
December 20th, at 6 p. m. 
March 22nd, at noon. 
June 20th, at 6 a. m. 
Of these seven stars, three belong to the constellation of Pegasus, 
three to Andromeda, and lastly the most eastern one is Algol, in Perseus. 
Immediately below a Pegasi, with a south declination of 80° is a Piscis 
(Fomalhaut), a star of the first magnitude. 

The place, at which, the observer has been supposed to be situated is 
one having a latitude of 50° north. 

We have, to sum up, fixed, in the mind, the positions of— 
<*> P> y> £> « (Alioth), f, *i of the Great Bear. 
Polaris, Little Bear. 

0, Gassiopca. 

a Capella, Auriga. 

P Algol, Perseus. 

«* 5 *> $ (of the belt), Orion. 
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a Shius, 


Cauis Major. 


Procyon, 


Canis Minor. 


a Castor, /3 Pollux, 


Gemini. 


a Aldebaran, 


Taurus. 


a Regulus, (3 Dencbola, 


Leo. 


a Spica, 


Virgo. 


a Arcturus, 


Bootes. 


a Vega, 


Lyra. 


a Atair, 


Aquila. 


a 


Cygntts. 


a, & y, and Alphcrat, 


Pegasus. 


0,7 


Andromeda. 


a Fomalhaut, 


Piscis. 



This system of ascertaining the positions of stars has been adopted, 
from a belief that it is easier to draw an imaginary line through stars, 
visible in the heavens, to ascertain the position of some other star, than 
to imagine a figure which can only have existence in the imagination. 

It must be conceded that celestial globes and charts of the heavens 
would be far clearer, and much more intelligible, were the figures, which 
serve chiefly to distract the eye, omitted. 

I have to acknowledge the assistance I have obtained, from the work 
on Astronomy, entitled " The Heavens," by Amcdee Guillemin. 

H. W. C. 
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No. XIII. 

FA1LUBE OF THE COLEROON ANICUT. 
[See Plate VI., page 94.] 



Remarks on the failure of He Lower Coleroon Anient in Tanjore > in 
four successive year*. By Col. E. Lawford, R.E., late Chief En- 
gineer of Mysore. 

This Weir as well as the Upper Anient at the head of the Cauvery Delta, 
was built in 1836, and although damaged by the following freshes, had 
remained nninjored until the close of 1862. The work is divided into 
two arms or branches of about equal length by an island which is above 
flood level, and large channels are taken off from each bank, for the irri- 
gation of extensive lands in Tanjore and South Arcot* 

Before leaving the Tanjore District, after a continuous service there of 
thirteen years, I had proposed and planned the improvement of the ani- 
ent, and the construction of a bridge along it to connect Tanjore and 
South A root. 

The improvement of the anient itself consisted in extending its south 
branch for about 300 feet, raising the body one foot, and enlarging the 
old sluices, 60 as to afford free discharge to the flood water in the freshes. 

The works were completed by 1858, having been interrupted and par- 
tially injured by the early freshes in 1857. 

The anicut and bridge appear to have stood perfectly well for three 
years after the latter was finished, even during the disastrous season of 
1859, when the district was severely inundated ; but late in 1862, four 
arches of the bridge fell, and were rebuilt in the following year. 

On the 14th December, 1863, the Superintending Engineer, 6th Divi- 
sion, reported the fall of six arches of the same branch of the anicut 
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bridge and stated, that " wbcn the old foundations were being cleared last 
year, a great deal of indifferent work was seen. Many of the wells had 
evidently not been snnk down half the depth necessary in such a situation, 
and if the rest of the foundation has been laid in the same way the fall 
of the whole bridge is only a question of time, unless measures are adopt- 
ed for preventing further undermining of the arch. I recommend the 
construction of a retaining wall along the whole front of the work. 19 

On the 15th March, 1864, the Superintending Engineer reported thus : 
— " In the estimates I have only allowed for rebuilding the retaining wall 
and flooring of the arches to correspond with that of the portion now 
standing. I am not sure that I am correct in inferring that Government 
was not aware that the bridge in front of the anient had a retaining 
wall from pier to pier, but I do not believe my predecessor was aware of 
it, and the impression conveyed by his letter would lead one to suppose 
that he advocated such a protective work from the omission of such wells 
in the original plans. I found by the level that the depths of these wells 
were only 8£ feet in the old work, but this I think insufficient and I have 
allowed for 16 feet to the bottom of the wells." As regards the scour 
said to be caused along the face of the anicuts, I must say that I did 
not discover any very great traces of it, and certainly that shown in the 
north branch has not worked injuriously. There is no appearance what- 
ever of this action in the southern branch, but this may be owing to the 
partial blocking up of the vents and to the shutters having been left in 
the anient most of last season/' The Superintending Engineer then 
states, that only one and half of a second sluice had been closed, and that 
" no groynes of any kind had been thrown out." He strongly recom- 
mended that the sluices be now left as they are, being of opinion that 
they served to regulate the bed above the anicut, the level of which he 
stated to be at that season on the average the same as the crown of the 
of the work, though he did not " foresee any evil consequences from the 
raising of the natural bed in this manner." 

On the 18th June, 1864, he reported, "that 140 running feet of the 
body of the anicut apron and front retaining wall, as well as five piers 
and seven arches, had been rebuilt from the foundations upwards without 
any accident, and all the remains and debris of the old work first carefully 
removed, a report which elicited the expression of the satisfaction of 
Government, but on the 12th August following the same officer in report- 
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tog the results of the severe floods in the latter part of July, stated that 
portions between the piers of the body of the anient had been earned 
away, which he then ascribed to the work having been only jnst complet- 
ed, and not thoroughly dry, when a flood rising six feet over the anient 
tame down, and continued to the date of his letter, pouring over the crown 
though in a diminished degree. The fall of the six new arches of this 
anient bridge was farther reported on the 16th September, 1864, and 
was ascribed " to the high and continued floods acting on masonry which 
had not time to become dry." 

In his letter of the 23rd September, 1864, the Superintending Engi- 
neer states, that the breached part consisted of 96 feet of new and 47 
feet oi old work, and argues from that fact, and the reports of the anient 
aery ants, " that the old work first gave way and then caused the destruc- 
tion of the adjoining new work and fall of the arches ;" and, further he 
tries to prove that it was the old part of the dam that was first breached, 
alleging that in rebuilding the work the old wells were removed to the 
full depth of 10 feet before the new foundations were laid, thus showing 
that the old wells were actually 10 feet deep. 

His final report of the 7th November, 1864, No. 1905, contains the 
most distinct enunciation of his views regarding the causes of the repeat- 
ed breaches in the anient, and the means of preventing their recurrence, 
yet recorded. Having in para. 4 reiterated his belief in " the probable 
defective state of the foundations from leakage," and "that leakage does 
take place generally to a considerable extent," he proceeds, in para. 5 to 
state, " that the accidents which have lately occurred to this anient have 
taken place when the river was nearly on a level with the top of the 
anient." At such times there are seven and a half feet in depth of water 
in front of the work and none in the rear. The section of the anient 
consists of wells six feet in depth with solid brick in chunam work four feet 
in depth above them for the foundations, with a body wall above seven 
and a half feet high. I believe that the pressure forcing its way below 
the solid foundation causes leakage through the wells and disturbs the 
front aprons. It is true that the floorings of the arches between the 
piers which were constructed when the bridge was built and which are 
one and a half feet thick of brick in chunam, must offer some counteract- 
ing effect to such pressure, but I believe not sufficiently great to remedy 
the evils I complain of. Again, " the front retaining walls on the line 
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of the cut waters of the piers thongb said to be sunk on wells ten feet below 
the bed, on the same level as the body of the work may possibly prevent 
any leakage, but here also I am not at all sure tbat the effects complained 
of do not occur, and that the sand is not disturbed in the neighbourhood 
of the retaining wall. A lateral scour along the face of the work was 
supposed to hare occurred from the draught through the sluices, but 
the results of the Government order directing the closing of the sluices 
and the remedial works which I propose, and will refer to presently will, 
I believe, effectually remove such a scour. When the river rises above 
the anicut there is a considerable depth of the water on the lower apron, 
and the pressure is more equalized as well as an additional weight added 
to the apron to counteract such pressure. It is well known that leaks 
occur in the upper Coleroon Anicut, and are traced to such causes as I have 
described." 

Para. 6. " To remedy these defects, therefore, and to remove them as 
far as possible, I would propose to adopt the following work, as described 
below. We cannot well interfere with the present section of the anient, 
but to prevent leakage as much as possible, I would add two layers of 
granite stone in hydraulic chunam to the flooring of the arches between 
the piers in front of the anicut to its full breadth, which would make 
the thickness two and a half feet, in place of one and a half feet, and 
I would add an apron on the upper side of the bridge, six yards wide, 
and two and a half feet thick, faced with granite stone imbedded in con- 
crete, and resting on its outer edge on a row of wells sunk nine and a half 
feet below the bed, or seven feet below the apron. In the body of the 
work I would endeavor to lay the wells to a greater depth, and sink them 
twelve feet in place of ten feet, as in the present anient, the solid work 
would thus be six feet in thickness above the wells." 

In their order of the 7th December, No. 3486, the Government ob- 
serve (para. 3), that " the Superintending Engineer states that on each 
of the occasions of the Anicut giving way, it yielded when the water 
stood against it nearly up to its crest, and if this be the case, and if 
no over- fall had previously scooped out the sand to any considerable depth 
from the rear of the lower apron, it is clear the work has been each time 
destroyed by the leakage removing the sand from around the foundations 
and allowing the upward pressure of the water standing in front of the 
anient to act on the lower side of the thin rear apron, and blowing it np 
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to form a breach." Para. 4. " The addition of an apron faced with 
a deep retaining wall in front of the anient, and the strengthening of the 
apron behind the work as proposed by the Superintending Engineer appear 
to be measures well adapted to check leakage and generally to strengthen 
the work, bnt steps mast be at the same time taken to regulate the dis- 
charge down each arm of the river, with reference to the length of the two 
sections of the dam, and prevent all irregularity of over-fall on either 
branch of the work." 

Prom the foregoing precis of the correspondence relative to the re- 
peated breaching of the lower Goleroon Anient, it appears that the follow- 
ing causes have been assigned for this remarkable series of disasters to a 
work which had previously stood uninjured for nearly a quarter of a cen- 
tury (24 years), viz.:— 

Firstly. Colonel B. declared the first breach to be caused by the scour 
along the face of the work caused by accumulations of sand in the river 
above the anient. 

Secondly. Lieutenant- Colonel F. was of opinion that the second 
breach of 1863 was owing to the old foundations being sunk not half the 
depth necessary in such a situation, and to the want of a retaining wall 
along the whole front of the work. 

Thirdly. Captain B. after first reporting that the third breach of 1864 
was caused by the high and continued floods acting on masonry which 
had not time to dry, then stated that the accident was caused by exces- 
sive leakage through the wells owing to their insufficient depth and de- 
fectiveness, and he also believed that the pressure of the water when level 
with the crown of the dam had forced it below the solid foundation, and 
disturbed the front apron. 

In reviewing the whole of the above circumstances, the fact must be 
self-evident that the injuries sustained by the dam and bridge since 
1861 are owing to causes which had not operated from 1887 and 1857 
to that time, and therefore it is all but certain that they are not caused 
by any inherent defectiveness in the original construction or subsequent 
improvement of the work. 

I am aware that some of the wells both in the bridge and apron were 
not earned down to the full depth of 10 feet, for the very good reason 
that a solid bed of clay was met with in some places at a less depth, into 
which no wells could be sunk, and which could not be undermined by 
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any pressure from standing water thongh it might be removed by a later- 
al current, and that such currents were formed in 1861, is proved by the 
statement of Colonel B.; while I am informed by the Collector of Tanjore, 
who saw the work in April last, "that the scour in the northern di- 
vision of the anient in the south branch had been tremendous, and that 
the foundations were turned topsy turvy." 

Another fact rendered patent by these reports is that the injury of the 
south branch of the anient has been owing to causes which do not 
affect the northern branch of the work, which is of precisely similar sec- 
tion, and it may therefore be fairly argued on this ground that defective- 
ness of construction is not the cause of failure. 

Having thus stated on what I consider sufficient grounds that no 
fault of principle or practice in the construction of the anient has led to 
these repeated disasters, I may without presumption proceed to point out 
what certainly appear to be adequate causes of the mischief. Any one 
familiar with Delta Engineering is aware that changes in the beds of 
rivers are brought about by the most simple causes, the operation of 
which demands unceasing vigilance and counteraction, and that such 
causes may lead to, and have produced, serious consequences. 

The destruction of the Veliaur Anient and Bridge in 1853, originated 
in the immense accumulation of deposit above the work, owing to which 
no direct overfall took place, bnt the current sweeping along the face wall 
was discharged in overwhelming force at one end of the dam where a deep 
hole was formed that soon caused its ruin. Captain B., indeed, urges that 
the accidents to the Coleroon Anient have always occurred during a low 
state of the freshes when the water stood only at the level of the crown, 
but if such be the fact it is also observable that it has been invariably 
after the great floods of the year that the breaches have happened, and 
the mischief caused by irregular action must have already taken effect. 

My reason for recommending the enlargement of the sluices in the 
anient was, that I found the bed of the river had silted up to a serious 
extent, and it was evident that a powerful scour during the high freshes 
would alone remove or mitigate the evil, for although Captain B. does 
not foresee any ill consequences from this change*, I think most Engineers 
will adroit that the bed of an embanked river cannot be allowed to rise 
eight feet with impurity. 

Captain B. distinctly states, that the bed of the Coleroon had risen to 
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the fare! of the dam, which most have affected it for three miles upwards, 
or to the limit of slack water, and in some cases as at the Upper Anient 
1 have known the bed to be raised by sandy accumulations higher than 
the weir itself. It is easy to see that under such conditions the river 
cannot be discharged uniformly over the dam, bnt must be divided into 
currents impinging with accelerated force on uncertain parts. 

The sloices being in my opinion necessary works, I provided for their 
construction at regular intervals in order to control and distribute the 
current equally, which was done by incessant watchfulness and tem- 
porarily closing those vents which seemed to draw too powerfully during 
the floods. But I earnestly remonstrated in the early part of 1863 
against the intention then first known to me of blocking up the 
sluices permanently, the future result of which must inevitably be most 
disastrous. 

The year 1859 was remarkable for the highest floods in the Cauvery 
and Coleroon known for half a century, and while the most calamitous 
inundations occurred throughout Tanjore, the Lower Anicut was not 
injured. But it is in such seasons that changes in the beds of Deltaic 
rivers take place, which if not rectified lead to incalculable evils, and con- 
sidering the uniform effect of the floods of 1861, 1862, 1863, it is impos- 
sible to doubt that its origin lies in some formation above the Anicut, 
which drives an overwhelming and oblique current on the 6outh branch, 
against which no mere strengthening of the work itself will avail. 

Further remarks on the causes of the failure of the Lower Coleroon Anicut 
in Tanjore. 

I stated in my former paper that a very material cause of danger* might 
be found in the formation of irregular currents, owing to possible accu- 
mulations of sand above the anicut, but this view is now declared to be 
mistaken, as Colonel G. has reported, that " the bed of the river above 
bridge is level, and the channel remarkably straight, there having been 
no gullies cut by draft from the sluices.' 1 Yet in the same paragraph that 
officer states : — " The only irregularity in the bed was a very objection- 
able island, that lay opposite the 5th and 6th arches from the north 
abutment (now carried away), and which doubtless was an aggravating 
agency in the causes to which I attribute the breach" Again, in 
para. 19, it is said, " If anything should exist to cause an eddy 
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above the work (as the island before-mentioned), or a disproportionate 
amount of oyerfall (unprovided for) at any particular point, it would 
evidently accelerate the result." 

The foregoing extracts contain ample demonstration of the truth of my 
supposition, that irregularity of overfall did actually occur before the 
anient was breached at that very part, and the only difference between 
Colonel G. and myself appears to be that, he regards as secondary that 
which I believe to have been the primary cause of disaster. 

Further, Colonel G. alleges that the average level of the river bed at 
half a mile above the anient is about two feet higher than the crown, or 
nine and a half feet above the apron, thus greatly adding to the slope of the 
surface, and increasing the velocity and distance of the overfall, so that 
the apron which was calculated for a weir of seven and a half feet, and 
a slope of two and a half feet per mile, would necessarily prove insufficient, 
and it was this rise of the bed which the sluices were expressly designed 
to counteract. 

I know that the entire work rests on a bed in which both clay and sand 
occur, but the excessive scour through the south branch, for three suc- 
cessive seasons, has doubtless left nothing visible but sand. 

But were Colonel G.'s surmises correct, it would not invalidate my belief 
that the anient would have stood firm under proper regulation, for the up- 
per anient of the same section, but not quite so high, rests on an unmixed 
bed of sand, and was breached only in 1859 by a lateral scour from the 
Jyaur river, which joins the Coleroon immediately above that work. 

It is a mistake to suppose that there was no rough stone behind the 
apron, as such a protection to the dam existed for 20 years before 1857, 
and was annually renewed wherever it had suffered injury. It was about 
six yards wide, and at that time proved sufficient for its purpose ; I can 
only suppose that it has since been destroyed without renewal. 

A third mistake was made in the statement that the retaining wall of 
the cut-stone apron had no wells to support it, as there were undoubtedly 
such supports to the original work, though I cannot say whether they 
were omitted in the recent restorations, but I can hardly imagine so. 

A very remarkable proof of the correctness of my opinion as to the 
excessive discharge over the south branch is afforded in para. 17, 
where the bed above the north branch is said to be "covered with an 
unctuous black earth, and over-grown with grass and weeds," this upper 
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crust over-laying the sand being simply a deposit of alluvium, which as well 
as the vegetation could not possibly be found with a very rapid current 
on that side, and such was the state of this part of the river in 1853, when 
the only powerful sluices were at the north end of the dam, the effect of 
which was to cause a scour along the face of the work, which it was the 
object of my separate sluices to prevent, by increasing the direct discharge. 
These sluices, four in number, which consist of two narrow arches of six 
feet each, with sills on a level with the river bed, are placed at equal distances 
of 190 feet, giving altogether 48 feet of sluice way, through which the 
flood-water is discharged without obstruction, at its full depth, and it is 
certain they must exert great influence on the upper bed, provided the 
necessary means are adopted to ensure their effect. Colonel G. has never 
seen these sluices in action, and judges of their power by the state of the 
river bed when dry, after the gradual subsidence of the freshes has caused 
an almost uniform deposit of sand and silt. I proposed these sluices after 
trial of those of the same character, which I designed and constructed in 
the Upper Anient several years previously. 

I neither designed nor built the original work, but I maintained it in 
efficiency from 1842 till 1855, and the additional length proposed, but nov 
actually executed by me, can scarcely be supposed to have diminished its 
security; but no hydraulic work in the delta of the Cauvery or any other 
river can stand for many years if constant attention be not paid to those 
changes which, as I have before observed, are produced by every year's 
floods. 

It may be useful to remark with reference to the statement that the bed 
of the river above the anicut is now very level, and remarkably straight, 
that it was impossible for any one to judge from observation of its condi- 
tion during the freshes, the gradual subsidence of which would tend to 
cause deposit of sand in the deeper parts, besides which the embankment 
across the river (that is the south branch) would render accurate examina- 
tion difficult, and considering that for three successive years a broad 
gap has been formed in this part of the dam, through which the flood- 
water has flowed, it is impossible to doubt that the tendency of the current 
in that direction must have increased. The effect would in a degree be 
the same as that of the Upper Anicut on the head of the Cauvery, which 
in 1842, had been dangerously deepened by the increased volume of water 
thrown into it. 
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I may remark that in almost every instance of the destruction of an anient, 
even when far more substantially built than the one now under consideration, 
I have found irregularity of discharge to be the principal cause. This 
has been lately very evident in Mysore, where the numerous ancient weirs 
formed of enormous masses of stone, and founded on rock, are generally 
constructed obliquely across the river, and frequently in a bend, causing 
the current to act with disproportionate force on the part forming an 
acute angle, with the bank, which has been the first point to give away. 



My fears having been unhappily realized by the breaching of the lower 
Coleroon Anient for the fourth time, I make the following observations on 
the circumstance : — 

The diagrams submitted with Captain O.'s letter of the 16 th May 1865, 
establish beyond doubt the correctness of my original opinions of the cause 
of the series of disasters which have attended this work, and show that a 
most violent and dangerous action has been in progress which has been 
aggravated by each successive breach, because the bed of the river in that 
direction must have been increasingly deepened, and it is certain that if 
some remedial measures are not adopted to restore the equilibrium, no 
work can possibly stand on that site. 

At this early period of the season of freshes with an open breach in the 
dam, it is impossible to calculate on its condition when the river shall 
finally subside, but the state of the foundations of the north sluice renders 
it but too probable, that the ruin may extend southward, and it may be of 
such magnitude that it would be a question of economy whether an entirely 
new dam on a different site would not be preferable to the restoration of 
the old work. 

But in the hope that such a costly undertaking may not be called for, 
it is to be considered how best to rebuild the ruined part, and secure the 
rest of the dam, when every effort has hitherto proved abortive. 

It is difficult without actual inspection to point out how the current of 
the river may be forced to take a more southerly direction, so as to sweep 
away the mass of sand which on that side obstructs it, but powerful 
groynes may be rendered effectual combined with an embankment cutting 
off the angle which the dam makes with the island, where the breaches 
have always taken place. 

These earthworks, the construction of which is well understood in Tan- 
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jore, must be carefully and strongly built and stoutly defended against the 
current, by which means the bed will be cleared and the direction of the 
stream altered, the sluices on the south side being kept open to create a 
powerful indraught. 

Whether it would be prudent to rebuild the ruined dam before 
these temporary works have wrought their effect may be doubtful, 
but at present I should incline only to lay the foundations in the first 
year. 

The plans should be determined in December at latest, and the works 
vigorously carried on during the ensuing three months, so that the early 
freshes of April may tend to consolidate the bank before their great trial 
of strength comes on in June. 

If the embankment should, as it certainly may, outlive one season, a 
vast improvement will be effected, and though it may be necessary to 
maintain the works for two years, yet their further security need not be 
doubtful, and if the objection be urged that the waterway would be too 
much obstructed, I reply that the anicut is much longer that it was 
during 20 years prior to 1856, and the present obstruction caused by 
accumulations of sand and silt exceeds what would probably be taken up 
by the embankment. 

I would further observe that the idea, that the uniform rise of the bed 
of a river above a dam would not be injurious to its stability, seems 
to me opposed to experience in such rivers as the Cauvery and Coleroon, 
where no natural bed of rock exists to receive the overfall. 

When a dam is first built the current above it is not affected until 
it reaches the obstruction where the velocity is checked, and which it 
then surmounts by a sudden rise and fall, striking the bed below at 
a distance proportioned to the slope of the bed, and height of dam, but 
as the upper bed is gradually filled up with sand, the overfall becomes 
smoother and the distance of its point of impact greater until it 
reaches beyond the artificial bed or apron prepared to receive it, and 
acting on the sand soon produces deep holes, which eventually undermine 
and destroy the apron and body of the dam, and that this has been the 
process by which the existing evils at the Coleroon Anicut have been oc- 
casioned there can be no doubt, in addition to those caused by oblique 
action and lateral currents. 

In his remarks on the Upper Coleroon Anient, the late Colonel Baird 
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Smith appeared to undervalue the effects of the enlarged tinder-sluices, 
because, he " fopnd (in January, 1853) the bed of the river above the 
dam on the same general level as the crown of the work, and merely 
channels of about the same width, as the sluices cut through the sand 
opposite to each set." But, as I have before observed, the state of the 
flooded river cannot be altogether judged of when the bed is dry, for the 
sluices being opened only during the freshes cause powerful currents to 
set towards them, bringing down the sand in suspension, but when the 
slnices are closed the sand is deposited, filling up the channels and taking 
a pretty uniform level. Had Colonel Smith seen the state of the Coleroon 
ten years sooner, he would have observed the bed for some distance above 
the anicuts raised higher than the crown, by deposits of sand since swept 
away by the action of the sluices, the utility of which he fully recognizes 
in the following words : — " Although however the primary object of their 
con 8 traction has not been attained, their influence in combination with 
other works, to be referred to presently, in maintaining an uniform dis- 
tribution of the deposits and in preventing the formation of sand banks in 
front of the dam 9 has doubtless been of important service." 

I may, therefore, fairly appeal to the high authority, just quoted, in 
support of my plan of distributing the enlarged sluices uniformly along 
the dam, and I firmly believe that with due attention to their working, 
combined with such operations in the river bed when dry, as would tend 
to remove casual obstructions, and preserve the direct flow of the current, 
these outlets will prove adequate to their purpose, and as large as would 
be conveniently managable, as well as safe with regard to their action on 
the down-stream bed. 

Since the foregoing observations were written, I have had an opportunity 
of reading Captain O.'s reports of the 23rd June and 12th July, 1865, 
with the orders of Government thereon, and I notice the remarks on the 
difference between the aprons and bed of the river in the north and south 
branches of the anicut, but I believe that some misconception exists on * 
this point from inattention to the great changes that have taken place at 
the anient during the last seven or eight years, for both branches were ori- 
ginally constructed alike with a single apron, over about 12 feet of which 
another course of cut stone was afterwards laid to receive the overfall. 

The effect of the raised apron however was found to be an extension 
of the overfall to the rough stone packing beyond, and it was removed 
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from the work in the south branch and the apron relaid on one level, 
which at that time was certainly not above the down-stream bed, bnt it 
is quite intelligible that the increased action of the last few years, and 
especially since the breach of 1862, has had the effect of deepening the 
bed, and leaving the apron above it: and I must here repeat that both 
aprons were protected by rough stone till 1857. 

With regard to the actual circumstance of the recent breach, it seems 
the European officer and subordinate observed that the current at first set 
towards the north, or new section, over which it flowed before over top- 
ping the rest of the dam, a fact which though contradicted by others 
seems to me perfectly in accordance with the state of the river, as shown 
by the sections, as the deep channel must fill at once, and the sand banks 
to the south being higher than the dam would necessarily intercept the 
stream on that side. 

The sections show a bed of lOfeet 9 inches below the crown, or about 8 
feet below the base of the dam, on the north, and " a high ridge" of sand 
above the level of the crown on the south, and under such conditions, the 
torrent, bursting from the temporary embankment 700 yards higher up 
the river, must have set violently in an oblique direction on the very 
foundations of the newly built work, which " rolled over en masse when 
2 feet of water was flowing over it," a body which could not possibly have 
disturbed a solid mass of masonry, 8 feet thick, however new, had it not 
been undermined, and whatever may be the appearances now, I have no 
doubt whatever that such will prove to be the fact 



Subsequent examination of the anient has shown that the breach of 
last year extended to the very foundations, and that the bed of the river 
was scoured out for some distance above the work to depths of from six to 
nine feet while the hole in rear measured 24 feet ; and the opinion of the 
Superintending Engineer is that the causes of destruction were such as 
I have pointed out, though he cannot agree with me in considering the 
foundations to have been originally of sufficient depth, in which view the 
Government have expressed concurrence. 

Assuming this opinion to be correct, it would at once set at rest the 
long vexed question between the Madras and Bengal Schools as to the 
necessity for deep foundations on sand : but this can scarcely be admitted. 
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The anient has unquestionably been exposed to an action which was 
not contemplated on its construction, while numerous other works in the 
Madras Presidency, built on the same principle, attest its efficiency when 
care is taken to secure the foundations from such action ; and these pre- 
cautions are found to be as necessary in the Godavery and Kistna as on 
the Coleroon. 

E. L. 
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No. XIV. 



ST. JOHN THE BAPTISTS CHURCH, ROORKEE. 



[Vide Frontispiece and Plate VII.] 



As Engineers are often called upon to submit designs for Churches, es- 
pecially for small Civil Stations, it may be useful to furnish drawings of 
one of the prettiest of the small Churches which have yet been built in 
India : and with this view an Elevation, Plan, and Section of St. John- 
the Baptist's Church, at Roorkee, are given in this number of the " Pro- 
fessional Papers of Indian Engineering." 

This Church was built eighteen years ago, from the design of Lieut. 
George Price, of the (late) 1st Bengal Fusiliers, and is said to have cost 
£2,300 ; which sum was raised by voluntary subscriptions, supplemented 
by a small grant from Government. 

As the building covers an area of about 4000 square feet, and can ac- 
commodate 200 persons, the cost may be assumed (on the above data) as 
Rs. 5-12 per square foot of area, and Rs. 115 per sitting. 

The Church consists of a Nave and Chancel ; without any Transept, 
Aisles, or Verandahs ; it has, however, a small entrance porch on the 
South of the Nave, and a Vestry on the North of the Chancel. 

It is furnished with a masonry pulpit, (which communicates directly 
with the Chancel by means of a flight of steps in a vaulted passage 
through the main wall,) a wooden reading desk, brass lectern, a font, 
Communion table, harmonium, and (at present) sittings for 195 persons 
[165 in the nave, and 30 in the chancel.] 

The area occupied by each sitting varies from 1' 10* X 2' 3" to 1' 10" 
X^C; and the central passage is 4' 6* in clear width. 

Hie design is simple, well proportioned, and accurate in all details, 
the architecture is " Early English," and the mouldings, and finish and 
execution generally are very good. 

VOL. I. SECOND SBBIR4. O 
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The east window of painted glass is of very handsome design, repre- 
senting the Apostles, and was the gift of the late Sir Proby Cautley. 

Notwithstanding the want of Verandahs, this Church is cool in the hot 
season, as compared with Indian Churches generally: the thick walls, 
frequent buttresses and narrow windows conducing to keep out heat and 
glare. It can hardly be doubted however that exterior aisles, or veran- 
dahs are appropriate for Churches in India, and should render Churches 
provided with such adjuncts, cooler than those consisting of a simple un- 
protected nave. But it is principally through the large Eastern windows 
that glare and heat are admitted into all Churches built on the usual 
European designs : and the skill of the designer would be advantageously 
devoted to adapting the conventional requirements of English Church 
architecture to the necessities of a tropical climate in this particular, the 
arrangement of the Church windows, more perhaps than in any other 
structural detail. 

A, M. L. 

Note.— The Frontispiece, representing this Chnrch, is a Wood Engraving executed in the College 
Press, from a Photograph taken expressly for the purpose, by Sergeant Ch Sparke, Instructor in 
Photography, Thomason CivU Engineering College, Eoorkee. 
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No. XV. 

IS IRRIGATION NECESSARY IN UPPER INDIA? 

(2nd Paper.) 

[ Vide P. P., New Series, No. I, page 8-20.] 



By Major A. F. Corbett, B. S. C. (In letters to Private Secretary 
to the Viceroy).' (Published by desire of H. E. the Viceroy.) 



Budaon, 2ith December, 1870. 

I hats received jour letter of 6th instant, forwarding a copy of re- 
marks by the late Colonel Anderson on my pamphlet, questioning the 
necessity of irrigation in Upper India, for which I beg to return thanks. 

I am bappy to learn that His Excellency the Viceroy has considered 
the pamphlet in question of sufficient importance to suggest its publica* 
tion in the Roorkee Professional Papers. 

I have carefully perused Colonel Anderson's remarks which I be- 
lieve, convey the opinions of perhaps 99 out of every 100 persons in 
the country ; still I believe them to be incorrect from the following 
reasons: — 

It is found that where land, which formerly sometimes suffered from 
an excess and sometimes from a want of moisture, has been sub-soil 
drained ; the upper soil to the depth of the drains is never in the driest 
seasons so devoid of moisture as it used to be previous to being drained, 
from the particles of the soil being more divided, and holding in the 
interstices between them moisture held there by capillary attraction 
and the retentive power of the soil. 

2 o 
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This is also the case with soil deeply ploughed or cultivated, as will 
be seen by an extract I here give from a paper read by Mr. Buston 
before the Farmers 9 Club in London on 7th November, and reported in 
the Farmer of 14th ultimo, in which he says — 

" There can be no doubt that deep cultivation renri* to preserve 
moisture in the soil in dry seasons, and to facilitate drainage in wet 
ones. It also unlocks those hidden treasures in which are so many 
elements of fertility, and consequently increases the producing power 
of the land." 

During the present year, which has been one of exceptional drought 
in Europe, numbers of similar statements have appeared in the English 
Agricultural Papers. 

Colonel Anderson has stated, " water to have full effect in promoting 
vegetation should be changed frequently, and the matter exuded from 
the roots should be cleansed away." 

I suppose Colonel Anderson has here alluded to the theory of 
DeCandolle formerly believed in by continental agriculturists, which is 
mentioned by the late Mr. Rham in bis Dictionary of the Farm, and 
who seemed to attach some degree of credence to it— that plants voided 
through their roots some excreta which were obnoxious to the same 
description of plant, if the land were not purified by some means before 
a second crop of the same description were sown on it. This theory is 
now exploded, and no belief is placed in it by agricultural writers of the 
present time, as will be seen by the following extract from an article 
on the theory of agriculture by Dr. Yoelcker in the Cyclopedia of 
Agriculture, published in 1855 : — 

" It was supposed by DeCandolle and his followers, that the roots of 
all plants excrete certain substances analogous to the excrements of 
animals, and that these substances exercise an injurions effect on those 
plants from the roots of which they have been excreted, but that they 
are harmless to other species, or even promote their luxuriant growth. 
When a field, after a succession of years, refused to grow any longer a 
remunerative crop of wheat, but repail well the cost of raising a green 
crop, this experience was explained by the excretion theory in an ap- 
parently simple and intelligible manner. The excretions of the roots 
of the wheat plants of former crops, said the adherents of DeCandolle's 
theory, have accumulated in the soil to such a degree that it has 
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become poisonous to plants of its own kind, but these poisonous excre- 
tions of the roots of wheat are food for a green crop, and thus turnips, 
for instance, succeed well after wheat. The experience that wheat 
could be cultivated again after a bare fallow, was explained in an equally 
simple manner. During the time of rest, it was said, the poisonous 
excretions of former crops have time to decompose and to become con- 
verted into food for another crop of wheat. Beautiful and intelligible 
as this theory may at first sight appear, it is marked by the great fault 
of not resting upon facts and observations ; and as this is now generally 
admitted by all natural philosophers of any authority, we shall not 
stop to expose the errors on which it is based, but shall at once briefly 
direct attention to the chemical mineral theory, which at the present 
time is believed to explain more fully and consistently the beneficial 
effects of a rotation of crops." 

With regard to the rise in the surface water of wells or spring level 
it is not stated whether this has occurred in land formerly irrigated by 
wells, or in unirrigated lands; perhaps some Canal Officers may be 
able to give information regarding this ; if in land, formerly irrigated by 
wells, may it not be possible that formerly, when irrigation from wells 
was practised, the spring level may have been reduced below its normal 
level by the water being withdrawn for irrigation, which normal level 
would gradually be regained by ceasing to use the wells for such pur- 
poses ; again the great amount of water used for irrigation may have 
had some influence. 

The well water is supplied by springs. How these springs are fed I 
am not prepared to say, but I do not think that much water finds its 
way to the spring level by sinking direct down through the soil in lands 
irrigated by wells. I am inclined to think the water reaches the spring 
level by lateral or horizontal percolation, through porous strata of soil, 
from tanks, j heels and other depressions on the surface of the soil, as 
throughout the North-Western Provinces we find grain regularly stored 
in pits in the ground without being damaged by wet. If rain or other 
water sank vertically through the soil these pits would not be sufficient- 
ly dry for storing grain. 

I think this might easily be tested by examining the soil of irrigated, 
and also of unirrigated fields, at various depths from three or four feet to 
ten or twelve feet, or even down to near the water level, and comparing 
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the percentage of water contained in the sub-soil at the different depths 
I do not think much difference would be found between the amount of 
water in the sub-soil of a field irrigated from a well and an unirrigated 
field. 

Colonel Anderson states, with reference to bhoor lands — " The rain 
water penetrates the surface immediately and is retained in the imper- 
vious stratum underneath." 

Jf such were the case, how are we to account for the increase of 
ravines on these bhoor lands, by which much valuable land is cut away 
every year of which there are ample evidences close to this station. 
How also is a common statement, that sufficient water-way was not in 
former years allowed for culverts and bridges, to be accounted for, 
but by the increased area from which the surface drainage finds ita 
way to the water-courses. The culverts and bridges may have had 
sufficient water-way at the time they were built, but since the area 
drained has been increased, the water-way is now found insufficient. 

I do not know to which part of my pamphlet Colonel Anderson re- 
ferred, when, he stated — " The process by which the moisture is obtain- 
by the roots of the plants is in reality very different from that des- 
cribed by Major Corbett," — but I think I can bring the statements of 
numbers of agricultural writers in proof of what I have stated. 
. Colonel Anderson has also said, with reference to my views as laid 
down in the pamphlet— " But he has not considered that, let the 
amount of rain be as small as he chooses to mention, he cannot reckon 
on getting it at the proper time. If rain does not fall at ail in Octo- 
ber, November or December, what has he to fall back upon unless ar- 
tificial irrigation ?" I believe that if the land is thoroughly cultivated 
to a proper depth and farm-yard manure used, ae it should be, we shall 
be independent of rain in the months above-mentioned, and crops may 
be raised without a drop of rain from seed time to harvest. 1 think I 
stated this clearly (on page 7, No. I. P. P., New Series,) where I said, 
referring to unirrigated lands — " If we can retain in them the moisture 
from the regular monsoon rains, we shall be independent of what may 
fall in the cold weather." At the same time, I believe the more reliance 
is placed on irrigation and the more we trust to it alone as a safeguard 
against famine, the more we shall be disappointed. 

I do not know whether the meteorological returns will bear me out, 
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but I believe there has been an increase, if not in the temperature, at 
least in the aridity of the country, because during the years 1868-69- 
70 I have, as Police Officer of this District, in the months of May, 
June and July, had numbers of cases of deaths of natives reported 
from heat apoplexy (luhke indre). It was uncommon to hear of deaths 
of natives from heat apoplexy in Rohilkund in former years. Also du- 
ring the last three years I have noticed the drying up of young mango 
trees from the scorching effects of the hot winds. By young mango 
trees I here mean trees of from one to two feet in diameter, and which 
may be considered half-grown trees. I know of no cause for this fur- 
ther than a general dessication of the country produced by increased 
surface drainage and evaporation which would be prevented by raising 
and keeping in order the ridges round the fields, and deep cultiva- 
tion. 

In a tabular statement of surveyed and assessed area in the North- 
Western Provinces for 1868-69, page 304, Annals of Indian Adminis- 
tration, Volume 14, Part 2, of a total of 24,105,849 acres cultivated 
8,912,235 are returned as irrigated and 11,919,996 as unirrigated; de- 
tails of irrigated and unirrigated not being given for five districts; and 
in this district only 200,891 acres are returned as irrigated, while 
628,549 acres, or more than three-fourths of the cultivated area, is un- 
irrigated. These unirrigated lands do yearly produce some crops, and 
it was primarily with a view to their improvement I wrote the pam- 
phlet — "Is irrigation necessary, &c. ?" 

I am sending to your address, by book post, a copy of notes on 
agriculture and sanitation published by me in 1868, and request you 
will obl'ge me by offering it for the acceptance of His Excellency the 
Viceroy. My ideas regarding irrigation have been somewhat modified 
since I wrote it. 

I have explained the system of manure pits and manuring to num- 
bers of the zemindars and cultivators of this district, but am sorry to 
say they are very apathetic on the subject ; although those who have 
tried it in a careless way acknowledge its benefits, still I am convinced 
that unless model farms are established where farming is practised on a 
rational and paying system, years will elapse before we can induce the 
natives to alter their present style of farming. 

What the natives require is not precept but example, and when they 
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see the solid benefits of good farming, tbej will not be long in following 
a system giving greater remunerative results than their present one. 

I have as yet only been able to carry on experiments on a very small 
scale, but should the Government think fit to order me to try farther 
experiments on a larger scale, I shall be most happy to do so. 

I have only to add that J have prepared a list of forage plants, which 
I think might be tried in these provinces with a fair chance of success. 



Budaon 12M May 1871. 

In my letter to your address of 24th December last, replying to 
some remarks of the late Colonel Anderson on my pamphlet " Is irri- 
gation necessary in Upper India;" after giving an extract from the 
Farmer newspaper, I stated, with reference to deep cultivation tending 
to preserve moisture in the soil in dry seasons, that " during the pre- 
sent season which has been one of exceptional drought in Europe num- 
bers of similar statements have appeared in the English Agricultural 
Papers." At the risk of being considered tedious I send a few ex- 
tracts bearing on the subject; as, however, I have, since writing the 
above-mentioned letter to you, procured Volumes 1, 2 and 3 of the 
Country Gentleman's Magazine, which I had not before seen, I shall 
also quote from these volumes. 

In an article headed " Deep culture in relation to the retention of 
moisture in arable land," on page 116, Volume 2, Country Gentleman's 
Magazine, it is stated — 

" Deep digging, trenching, or subsoil ploughing are means for pre- 
serving the moisture in the soil during heat and drought." 

Again on the same page.—' 4 The pulverizing of the soil also contri- 
butes to the retention of moisture." 

On page 620 of the same volume, occurs — "the grain crop this last 
peculiarly dry season " (alluding here to 1868) " was a good average, 
and I attribute this to the rootlets getting further down, and the deep 
stirring keeping the moisture better." 

In the Farmer of 20th July, 1870, is an extract from the Journal 
Official de V Umpire Francois, giving an ordinance of the Minister of 
Trade and Agriculture, urgently requesting the Prefects of different 
departments to call the attention of agriculturists to a report drawn up, 
at the solicitation of Government, by Professor Henze, Inspector of 
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Agriculture and Teacher at the Agronomic School of Grignon, from 
which I make the following extract : — 

" For twenty yean past the advantages attendant on deep cultivation 
have been constantly expatiated upon, and this year the beneficial effects 
of the system are strikingly apparent. In those localities in which the 
sub-soil plough has been judiciously and persistently employed for any 
considerable length of time, the crops are now suffering far less from 
the drought than in those districts in which farmers have not resorted 
to it." 

The words persistently employed in the above quotation convey the idea 
that the land was well pulverized. These opinions of practical farmers 
discovered by actual experience, are exactly in accordance with what I 
said in my pamphlet about capillary attraction. I arrived at my ideas 
from experiments carried on with soils in tubes to see to what height 
moisture would rise. I was induced to make these trials by reading 
some of the works of Liebig. In his letters on modern agriculture, 
talking of the attraction of soils for moisture, Liebig says — 

" With the chemical properties of soils just described, there is asso- 
ciated a physical quality not less remarkable in its nature and influence, 
viz., the power which they possess of attracting moisture from the air 
and condensing it in their pores, Ac." 

Again Liebig says— 

" When in a hot summer the surface of the ground is dried, and there 
is no replacement of moisture by capillary attraction from their lower 
strata, the powerful attraction of the soil for the vapours of water in 
the air provides the means for supporting vegetation. 

"The vapour of water which is thus condensed by the soil is derived 
from two sources : During the night the temperature of the air falls, the 
tension of its watery vapour becomes less, and then, without the tern* 
perature of the air falling to the dew-point, there follows, through the 
attraction of the soil, absorption of moisture (with ammonia and car- 
bonic acid) accompanied by evolution of heat which moderates the 
cooling of the ground from radiation. In rainless tropical regions par- 
ticularly, this phenomenon must be of the most palpable influence, Ac." 
(The Italics are my own). " A second source from which the dry soil 
derives by absorption its moisture is presented by the deeper lying moist 
strata. From these a constant distillation of water is taking place 
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towards the surface, accompanied by a corresponding evolution of heat 
in the upper strata on its absorption. By drainage the water, which 
rises by capillary attraction, being placed at a greater depth, the dry 
soil now receives from the lower strata a quantity of moisture in the 
form of vapour, which supplies the wants of plants and at the same 
time raises the temperature of the ground. 

" In the above facts we recognize one of the most remarkable natural 
laws — The outermost crust of the earth is destined for the development of 
organic life, and its broken particles are endowed, by the wisest arrange- 
ment, with the power of collecting all the elements of food which are 
essential for the purpose. This power preserves to the productive soil, 
even in apparently the most unfavourable circumstances, the conditions 
of fertility either contained therein or bestowed upon it." 

From the above quotations from Liebig it is evident, he presupposed 
the existence of water in the sub-soil within a depth of two or three 
feet from the surface, as he says " the water by drainage is placed at a 
greater depth ;" and as drains can only carry oft water from above or at 
the same level with themselves, he must have alluded to the depth of 
the drains. 

Liebig* s work above quoted was published in 1859, when the average 
depth of drains was perhaps not more than three feet, if so much. 
Again he presupposed the pulverization of the soil, as he says in the pas- 
sage italicised in the translation " its broken particles are endowed, &c." 

Having mentioned drainage, and that the drains a few years ago were 
on an average perhaps three feet deep, I will here state that lately 
deeper drains have become the rage in England. These deeper drains 
have succeeded so effectually in carrying the moisture from the land, or 
placing it at such a depth below the surface, that it is now almost beyond 
the reach of the roots of ordinary agricultural crops ; consequently the 
opinion is gaining ground that sub-soil drainage has been overdone, and 
that irrigation will have to be resorted to, to counteract the evil effects 
of over drainage. This too in lands formerly too wet. Had English 
landed proprietors carefully considered the opinions of Liebig, and 
tested the height to which water would risa in their lands by capillary 
attraction, &c, they might have avoided laying out money in a way 
that, under certain circumstances of soil and climate, cannot be remu- 
nerative, but that causes actual loss. 
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A good test of the necessity or otherwise of subsoil drainage is ob- 
tained by digging pits three or four feet deep in a field ; if in these 
pits water accumulates and stagnates, drainage was necessary but not 
otherwise. In England drainage was necessary, because in most fields 
water would accumulate and stagnate in such pits, and drainage having 
been found of use in some lands, it was almost indiscriminately applied 
to all lands, till now people are beginning to think they may have 
drained lands which did not require it. 

The Pioneer, reviewing my pamphlet in its copy of 13th August last, 
said : " ample supplies of water are found at a depth of from ten to 
thirty feet." I nowhere in my pamphlet stated or even suggested that 
water would rise from such a depth by capillary attraction. The idea 
is preposterous. 

From some experiments I made on rather stiff garden soil last year, 
I found moisture would not readily rise more than about ten inches or 
a foot high, so as to make the soil perceptibly moist. To what extent 
this rising of the moisture, say one foot high, was due to capillary at- 
traction, and to what extent it was due to the distillation of the vapour 
or in other words, where the moistening of the soil by capillary attrac- 
tion ceased, and the moistening by distillation commenced, it may be 
difficult or impossible to say; but that moisture does by some means 
rise in soils, u a fact on which we may at once ad. 

Supposing we have a field, the soil of which is perceptibly moisten- 
ed by moisture rising one foot, it is not sufficient to stir the soil of 
that field one foot deep, because the moisture rising to the surface 
would be rapidly evaporated, and the rising of the moisture and evapo- 
ration going on continuously, the field would shortly become dried up. 

What is required is that the field should be ploughed up a few inches 
deeper, so that we may have a few inches of pulverized soil above the 
perceptibly moist soil, to act as a mulch, and prevent or rather retard 
desiccation. 

Gardeners in England are well aware of the advantages of a mulch 
i. e. % an application of straw, dead leaves, or anything of that descrip- 
tion, on the surface) as conducive to the retention of moisture in the 
soiL The natives of India also know this, and its practical application 
can be seen anywhere in these provinces. 

The market gardeners (Muraos) nearly always place old thatch, or 
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some similar litter, on the land they plant turmeric in, to retain the 
moisture. 

As further proofs of the benefits of a mulch, and in corroboration of 
what Liebig has said, I produce the following examples : The grain 
parchers (bhoorjees) collect dead leaves as fuel to parch grain with » 
where the remains of an old heap are left (which is often the case) it 
will be found, even in the driest part of the hot weather, that the re- 
mains of the leaves are perfectly moist, if we turn over the surface and 
look at the interior of the heap, and the ground under the heap will be 
also moist. 

The manure heaps round native villages are composed for the most 
part of sweepings of the houses and ashes, apparently thoroughly dry 
materials ; still if we dig into one of these unpromising looking manure 
heaps, we find perceptible moisture within perhaps a foot of the surface. 
If these apparently dry ash heaps can abstract moisture from the 
atmosphere (or collect it from any other source) and retain it, why should 
not ordinary arable soils do the same P 

In the quotation I have made from Liebig, he says : — "This power 
preserves in the productive soil, &c," making the productiveness of the 
soil a necessary condition. I am prepared to go a step further than 
Liebig, and ignore this condition. 

In these provinces where a well is dug, it frequently happens that a 
stratum of white silicious sand is met with ; this is thrown aside ; this 
ailicious sand cannot be said to contain any fertilizing matter beyond 
silicic acid ; still this heap of sand will obtain from the air or the under- 
lying soil the necessary elements of fertility including moisture* which 
will be found in the heap, although not a single drop of rain may have 
fallen on it, as is evident from the fact that it will be covered with grass, 
provided the surface is kept open and porous. The whole subject 
hinges on its being porous, which enables the sand to collect and retain 
the elements of fertility. 

I think I have said enough on the subject of deep cultivation and 
keeping the soil free and open ; but before quitting it, I will merely 
mention that the chief arguments in favor of steam cultivation are baa* 
ed on the grounds of its penetrating deeper, its smashing the pan, and 
consequently better retaining the moisture. 
I will now prove that the excessive heat of the hot weather and the 
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-winds are simply and entirely manufactured article*, and that irrigation, 
commonly considered an antidote, is one of the main causes of the 
manufacture. 

I will simply quote a few passages from a book written, I believe, by 
a man of high scientific attainments, but as the book consists of ques- 
tions and answers, I feel myself at liberty to slightly alter the wording, 
to enable me to condense his facts, and to comment on them where 
necessary. 

Dr. Brewster in his Guide to Science says : — " Those substances which 
radiate most, also absorb meet heat. 

" Radiation depends on the roughness of the radiating surface ; thus 
if metal be scratched, its radiating power is increased, becaused the 
heat has more points to escape from. Those things which absorb heat best 
reflect heat worst, Ac. If a reflector were spotted, dull or scratched, it 
it would absorb heat instead of reflecting it, Ac. All bright surfaces and 
light colors are the best reflectors of heat. Bocks and barren lands 
are so compact and hard that they can neither absorb nor radiate much 
heat, and (as their temperature varies very little) very little dew distils 
upon them." 

Again, "cultivated soils (being loose and porous) very freely radiate 
by night the beat which they absorb by day, in consequence of which 
they are much cooled down, and plentifully condense the vapour of the 
passing air into dew" 

Will any person, reading the above which may be very true in many 
cases, and without doubt is, under the ordinary conditions of unirriga- 
ted cultivated lands, properly treated, seriously assert, after due reflec- 
tion, that the cultivated lands of Upper India are loose and porous ? 
Are they not, on the contrary, particularly where irrigated, made harder, 
smoother, and greater reflectors of heat, and are we not in Upper India 
livings so to say, in a sort of Dutch oven, or plate-warmer of our own 
manufacture ? 

The principal causes of winds are the variations of heat and cold ; 
heat causes the air to expand and it is thus made lighter and ascends. 
Thus the hardened surface soil heats the air that comes in contact with 
it ; this ascends, and cooler denser air rushes to the spot from which it 
ascended to preserve an equilibrium, and fills what would otherwise be 
a vacuum. 
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As places to the east are first warmed by solar heat and the heated air 
first ascends from them, the cooler air from the west, has which been for 
a longer period (». <?., all night) unaffected by the rays of the son heating 
the surface soil, rushes to supply its place, causing westerly and in 
these provinces hot winds from their coming into contact with the hard 
reflecting surface of the country as it passes over it. 

His Excellency the Viceroy in a conversation I had the honor of 
having with his Lordship on the 27th April at this station, stated, if I 
remember rightly, that he considered the deserts of Bajpootana and 
Scinde were the causes of the hot winds, and asked how I proposed to 
set these causes aside. 

"With all due deference to His Excellency's opinion, I beg to state I 
do not consider these deserts can have much influence on the tempera- 
ture of these provinces, or on places lying fifty or even twenty miles to 
the east of them, because heated air must obey a law of nature and 
rise, and being lighter than cold denser air would pass over and not 
displace it. 

Hurrianah, so called from its being a verdant country, lies on the 
east of the deserts — I have not seen it — but it contains the towns of 
Hansi and Hissar, the former place famous for its cows, which are con- 
sidered better than any others in Upper India, and the latter place 
was, I believe, selected for the Ordnance Cattle Farm, from the fact of 
forage being more plentiful there than anywhere else in Upper India : 
and is not the fact of forage being more plentiful there, the cause of the 
superiority of Hansi cattle P 

There may be local causes for the better grazing grounds of 
Hurrianah with which I am not acquainted ; but I believe I am correct 
in saying that the hot winds from the deserts can have but little effect 
on them. I have not seen the deserts, but I believe they are sandy . 
if so, the surface must be more loose and porous, and better able to 
absorb heat than hardened irrigated lands : consequently the air pass- 
ing over them should, were there not local causes at work, (operating 
unfavorably) be cooler than the air passing over irrigated lands. 

Somewhere about two-thirds of the area of the North- Western 
Provinces are cultivated land ; perhaps one-third of the cultivated land, 
or 22 per cent, of the whole area of these provinces, is annually under 
rain crops. These rain crops are cut in October or November, and 
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from the time the crops are out till the following rains in June or July, 
the land is not ploughed hut left to consolidate with every shower of 
rain, &c. All soils too become somewhat consolidated and caked on 
the surface during the growth of crops on them. If in the cold 
weather we pass a decent area, say 100 acres of this description of land, 
and then pass another on which a cold weather crop is growing, we 
cannot fail to notice the heat is greater on the soil without a crop on 
it. The cold weather crops sown in October and November are cut in 
March or April, and as long as they are on the ground the heat is 
moderated by their verdure ; as soon, however, as they are cut down, 
we in a few days experience a sudden increase of heat, which is not 
altogether to be attributed to the change of seasons, but rather to the 
increased reflection from the surface of the soil. 

The heat is greater on the surface of a metalled kunkur road than 
on the grass, or even the dried up parade ground it may cross, partly, 
because the parade ground, although trodden and retrodden by troops, 
is still less consolidated than the road, and partly because it is of a 
darker color. (We can darken the color of cultivated lands by using 
manure.) I trust the facts above stated will be sufficient to convince 
His Excellency the Viceroy that heat is generated locally, and that the 
deeerts of Scinde and Bajpootanu can have but little effect on the tem- 
perature of Upper India. 

There has been a great deal said and written particularly in late years 
of the effects of forests in producing rain-fall, and also of the effects of 
rain-fall in producing forests ; some people holding the opinion that 
forests produce rain-fall, others that rain-fall produces forests. The 
truth most probably is, that forests and rain-fall act and react on one 
another. 

The late Sir W. Denison, in his "Varieties of Viceregal life," on page 
849, said, he " first attributed the presence of trees to the rain, but is 
now disposed to look upon the jungle as the cause of rain, and not the 
effect of it." 

I have not his book by me to refer to, and possible I may, in making 
a rough note, have inadvertently made an error, but the passage can be 
found. I think it is in Volume II. Sir W. Denison in the above book 
mentioned, "Marsh's book on the Action of Man on Nature." I believe 
the title of the work referred to is "Physical Geography as modified by 
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Human Action" — a book, I regret to say, I have not been able to pro- 
cure. Dr. Bobert Brown in his Horae Sylvana, or Studies of the Forests, 
&c.j of North-West America, on page 34, published as a supplement to 
the Country Gentleman* } s Magazine, says : — 

" Probably one great reason of the abundant forests on the western 
slopes of the Cascades in the northern portion and on the coast range 
to the south is the abundant rains which visit the sections : and again 
theBe rainB are to great extent due to the condensing power of the 
forests." 

On pages 34 and 35, he notices Mr. Clements Markham, and Drs. 
Bidie and Cleghorn's report on desication of parts of India from des- 
truction of forests, that " Its effect in India is to increase surface drain- 
age and cause floods." 

I showed in my pamphlet how surface drainage and floods could in a 
great measure be prevented by deep ploughing and raising the banks 
round the fields. 

Many people tell me the floods come from the hills, and we cannot 
check them. We have passing through this district two rivers, the Sote 
and the Aril, the waters of which eventually find their way into the 
Ganges, and both these rivers have their sources in the plains. Last 
year a bridge over the former, near Bissowlee, in this district, which was 
only built three or four years ago, at a cost of perhaps Es. 15,000 or 
20,000, was carried away, and a bridge over the Aril on the road to 
Bareilly as well as a great part of a raised road was also carried away 
by floods. 

Supposing two-thirds of the area, from which the surface drainage 
finds its way into these rivers, to be cultivated land, had precautions 
(such as I suggested) been taken to retain the rain where it fell, it is, 
I think, most probable these bridges would not have been carried away. 

Dr. Brewster says that forests produce cold — 

Istly, because they detain and condense the passing clouds; 

2ndly y they prevent the access of both wind and sun ; 

Srdly, the soil of forests is always covered with long damp grass, 

rotting leaves, and thick brushwood; and 
4thly, in every forest there are always many hollows full of stag- 
nant water. 

There is another reason not given by Brewster, which is the mechanic 
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cal effects of the growth of the roots, which force apart the particles of 
the soil and make it more porous. 

This forcing apart of the particles of the soil may be partly due, I 
think, to the leverage caused by the wind on the trees. 

If we omit the last reason given by Brewster, and which may not be 
strictly correct in all cases, there is nothing stated which is not equally 
applicable to cultivated fields, as long as there is a crop on them. If 
there is a difference, it is merely a difference of degree. 

If land is stirred, as I have suggested, so that there may be a well 
pulverized bed of soil above the height to which the soil is palpably 
moistened by capillary attraction, or distillation of water from below, 
this upper layer of loose well pulverized soil will act as a mulch to the 
moist soil below it, and retain moisture in it more effectually than any 
forest or crop. Dr. Brewster says: "capillary attraction is the power 
which very minute tubes posseses of causing a liquid to rise in them 
above its level." 

This seems contrary to what I stated in (No. I., P. P. New Series,) page 
4, viz., that "the smaller the particles composing the soil, the less will 
be the power of capillary attraction possessed by it." In the sentence, 
however, I mentioned the retentive powers of soil. 

Dr. Brewster may be perfectly right, and I believe he is, talking of 
tubes, simply as tubes, but I think we should be wrong to accept this 
as an absolute rule with regard to soil. 

My reasons for this are— 

I look on capillary attraction in soils as the power the soils possess 
of containing moisture in the interstices between their minute particles ; 
and I consider the retentive power of soils to be the power which they 
possess of retaining moisture in their very particles and not in the inter- 
stices between them. 

As we know that the law of gravitation is moderated by that of 
capillary attraction, is it not reasonable to suppose that the law of 
capillary attraction is modified by that of the retentive power of the 
soil ? and in fact we find this is the case, as water will rise higher in free 
open soils than in retentive clays. 

Dr. Brewster again says : — " The effects of the heated air become more 
intense when it is in motion, because fresh portions are then continually 
applied to the surface of the body." 

VOL. I. SECOND SERIES. P 
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We see in the hot weather the leaves of trees are more shrivelled 
up in the evening after a day daring which there has been a hot wind 
blowing than on a day when there has been no wind. I myself have 
had rather an unpleasant experience of heated air in motion. I was on 
fort duty in Gt>bindgnrh (TTmritsur) in June 1853, when the thermome- 
ter at daybreak stood at about 100° Fahrenheit in my quarters, and 
used to rise to about 115° or 120° in the day. When the heat was 
about 105° it became too hot for a punkah, and the heat was more 
bearable without one. 

By looking at Dr. Brewster's Dicta on reflection and absorption I was 
led the other day to make some experiments. 

On the 12th April I found at 4 p. u. in a field near my garden which 
had been irrigated twice for the cold weather crop, that the thermome- 
ter stood (held in my hand about two feet above the ground and 
shaded) at 100°. When placed on the surface of the ground also 
shaded it stood 111°, and when a hole was dug, the lower earth ten inches 
or a foot from the surface loosened, and the thermometer covered 
with an inch of the loosened soil it went down in less than ten minutes 
to 82°. 

This was an imperfect experiment, because I could not keep away the 
external heat whilst the soil was being dug and broken up, still it 
showed a difference of 29° Fahrenheit between the surface and some 
10 inches, or at the most one foot below it. 

I had the hole, which was about two feet in diameter, filled up with 
the soil I had taken out of it, and on the 30th April, at 4 p. M •, I made 
further trials in the same field. 

On the surface of the field, and within three or four yards of where 
I had made the hole in the previous experiment, I found the thermome- 
ter shaded stood at 108°, and at about ten inches deep it was 90°. 

This only gave a difference of 18°, much less than in the former 
trial, which I account for from the fact of numbers of men and cattle 
having passed backwards over it, it being directly between the village 
and the threshing floor, and by their passing and repassing had broken 
up the smooth surface. 

At the same time I tested the surface and also the soil ten inches 
deep of the hole I made and had filled up on the 1 2th April, and here with- 
in three or four yards of the place where the last experiment was made 
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the thermometer shaded hat exposed to external air registered 102° on 
the loosened surface and also 102° ten inches below it. 

In the first case where the surface soil was smooth, I got a difference 
of 29° of heat between the surface soil and soil, say, a foot deep ; in 
the second case where the smooth surface had been merely loosened by 
men and cattle walking over it, the difference was reduced to 18°, show- 
ing greater absorbent power from the fact of the smooth surface haying 
been imperfectly broken into a slight layer of dust* In the third case 
there was no difference between the heat on the surface and the heat 
ten inches or a foot below the surface. 

On the first occasion, on 12th April, Dr. Eades, the Civil Assistant 
Surgeon of Budaon was with me ; and on the second, 80th April, Mr* 
Debnam, an Indigo Planter living in this district, helped me to carry 
out the experiment. 

On the 12th April we had a dry hot west wind, and on the 80th 
April there was hardly any wind, and a few clouds. 

I think it will be found that when we have had reasonable falls of 
rain in the cold weather, which have enabled the cultivators to dispense 
with artificial irrigation wholly or even partly, the succeeding hot 
weather will be cooler from the fact of there being less reflected heat, 
the surface being less consolidated. 

The present hot season is, I think, a proof of this ; during the cold 
weather we had rain several times which enabled the cultivators to 
forego irrigation. 

In my letter to you of 24th December, I stated (quoting Government 
records) that three quarters of the cultivated land of this district is 
unirrigated. If from this small proportion of the area not having 
been consolidated as much as usual, we have a cooler season, what 
results might we not expect if the whole cultivated area were loose and 
porous. 

I stated in my pamphlet, on pages 14 and 15, that the hot winds might 
be modified and the temperature of the Upper Doab should only be 
about 20° higher than that of Nynee Tal. 

Having last year seen the position of the Observatory at Nynee Tal, 
I am certain I spoke well within the mark, as there are close to it a 
bazar, a metalled road and stony soil, which must make the thermo- 
metries! readings taken there upwards of 5° higher than they should 

2 r 
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be, and I now think I am justified in saying, taking into consideration 
the differences of altitude and latitude, that the stations in Rohilcund 
in the plains should not he more than 15° or 16° hotter what is now 
registered at Nynee Tal. 

I was told only the other day that the peculiarly mild, hot weather 
we are having this year is owing to the easterly winds. Yes, but what 
are the easterly winds caused by ? I hope I have proved satisfactorily 
how the hot west winds are manufactured, and I will now again quote 
Brewster to show how east winds are caused, and that east winds should 
be the normal condition*. I will quote him in this instance word for 
word. The question he puts is : — 

. " Question. — How does the rotation of the earth upon its axis affect 
the motion of the air ? 

" Answer, — In two ways — Firstly. — As the earth moves round its 
axis, the air is left somewhat behind, and, therefore, seems to a body 
carried with the surface of the revolving earth, to be going in a con- 
trary direction. 

" Secondly. — As the earth revolves, different portions of its surface 
are continually passing under the vertical rays of the sun." 

I could make many more quotations in corroboration of what I have 
advanced, but this would only be cumulative evidence. 

I have as yet only quoted Dr. Brewster in my favour ; but as it is pos- 
sible I may by this letter have called attention to his book, I will at 
once quote another paragraph from his book which is dead against me.f 

He Bays: — 

" If the soil did not become crusty and hard in dry weather, the heat 
and drought would penetrate the soil and kill both seeds and roots." 

It is evident Dr. Brewster was not a practical farmer, and that he 
knew nothing of the system of hoeing crops originally introduced into 
England by Jethro Tull, and which is now recommended by every 
practical and scientific farmer as one of the best methods of allowing 
moisture to penetrate the soil. 

To cool Upper India and in every way to improve its climate, we 

• Dr. Brewster explains merely how the rotation of the earth on its axle can occasion— ^Irjty, 
Ea* winds ; ucondiy, Wut winds. He does not assert that Bast winds should be the normal 
condition.— [BD.] /jj 

t It accords with Major Oorbett's Experiment* {vide p. ft,) which showed how heat penetrated 
the soil when it had been broken np and pulrerised.— (BD). 
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simply require that the soil of every cultivated field should be ploughed 
up immediately a crop is taken from it, and whenever a crust forms on 
the surface it should be broken. This can be done by dragging a 
branch of a tree over the land. 

Any person or persons committing a nuisance can be punished under 
various sections of Penal Code, but the heat of India, which is its 
greatest nuisance, seems to have been omitted from the list of punish- 
able nuisances. 

I think I have shown how it can be abated. 

If I am right I think it is time that Government should legislate on 
the subject ; if I am wrong, there is not much harm done. All I re- 
quest is, a thorough ventilation of the opinions I have advanced, and 
that the opinions of the leading scientific men and agriculturists of the 
time may be taken on them. 

Some natives have told me they do not plough up their land after 
taking off their crops, because it would destroy any little grass that 
might otherwise possibly grow on it ; this is a mistake, as we know from 
experience, and can show that the more the land is cultivated after 
a crop is removed, the more grass will spontaneously grow on it. 

Upwards of twenty years ago when I was stationed with my Regiment 
at Shahjehanpore, I said that the natives were very ignorant of the 
science of agriculture ; since then I have watched their methods, and 
occasionally jotted down a few notes, and I have not yet discovered 
anything to make me alter my opinion. 

In conclusion, I may say that I was induced to take an interest in 
the subject of climatology from a paragraph I saw in a newspaper 
perhaps two years ago, stating that Sir James Simpson, of Edinburgh, 
had expressed an opinion that man would be able by the careful study 
of nature and her laws, to cause great alterations in climate, and 
moderate it to his own requirements. There seemed a missing link in 
the chain which I have tried to discover, and with reference to Upper 
India I believe that by keeping the soil open and porous, we enable it 
to absorb solar heat instead of reflecting it ; and also enable it to 
absorb carbonic acid, ammonia, Ac, which are wanted for crops, instead 
of allowing these substances to taint the air and make it unhealthy. 

By cooling the air we lessen evaporation, and render the air less 
capable of retaining, vapour, consequently more rain and dew would be 
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desposited on the surface of the ground, and we also should be enabled 
to grow forage and other crops during the hot weather without irriga- 
tion which cannot now be done ; consequently, we could improve the 
breeds of cattle of all descriptions, by having food for them, which we 
have not now. 

I have spoken of the advantages of breaking up the soil directly a 
crop is reaped, as tending to improve the climate ; as regards its benefits 
to agriculture, I will here mention that an eminent French Chemist, 
M. Barral, has calculated that a well made fallow ensures a supply of 
nitrogen equal to a dressing of 2 cwts. of Peruvian guano per acre. 

Peruvian guano now sells at about 14 shillings per cwt. 

I enclose herewith a few extracts from the Farmer newspaper and 
Country Gentleman's Magazine, the latter being a sort of abridgment of 
the former, which I think bear on the subjects I have written on, and 
corroborate what I have said. 



Extract pbom " Farmer" Newbpapbr oj 10th April, 1871. 

Beport on the effect of the cutting down of Forests on the climate and 
health of Mauritius, by H. Bogxrs, Senior Assistant Surgeon, Civil 
Hospital, Fort Louis, MauriHus,^Cbmmumcated by Auxajtoee 
Bctohajt, M.A. 

" To understand rightly the cause and spread of the late epidemic, it 
is necessary to revert to the condition of the colony a few years back. 
When I left Mauritius in 1864, this island was resorted to by invalids 
from India in quest of health ; it was popularly known as the " Pearl " 
of the Indian Ocean ; it might then have been described as one mass 
of verdure* From the highest mountain slopes to the sea-shore, the 
most luxuriant vegetation was everywhere to be seen, the seasons were 
well marked, the heat of Summer was tempered by abundant rains, 
and the cool season numbered many chilly days. On my return in 
1862, vast tracts of forests had disappeared, and districts before consi* 
dered unfit for cane cultivation were cleared of tress and converted into 
sugar plantations ; even the mountain ridges were dotted with canes, 
and what were formerly large and rapid riven had dwindled down to 
muddy streams, which served alike for the ablution of man and beast. 
The consequence of this extensive and indiscriminate denudation of 
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forest laud was a diminished amount of rain-fall, an increased amount 
of dryness, and a proportionate elevation of temperature. The earth's 
surface, formerly spongy and porous, became converted into a hard 
crust, which under the influence of the solar rays split up into numerous 
cracks and crevices, into which, when the rain fell, the waters collected 
snd became stagnant ; while over the greater portion of this hardened 
crust, the waters flowed till they reached the most depressed parts, 
and there, on the sea-shore, they accumulated and became stagnant, 
and under the influence of a tropical sun, noxious exhalations were 
given off. As moisture was no longer retained by leaves and branches, 
and as rootlets were no longer present to absorb the water, the sources 
of streams and rivers dried up, and moisture decreased, the temperature 
changed, and with the change in temperature came modification in 
disease. The difference in season is now much less marked, rains are 
scarce, droughts frequent and excessive, thunder is seldom heard, and 
lightning rarely seen. Vast tracts of land formerly productive are 
now barren and desolate, and districts before noted for salubrity are 
now notoriously unhealthy, and those which, years ago, were remark- 
able for dampness from excessive rain-fall, have become comparative- 
ly dry Though the average rain-fall has considerably decreased of 
late years, yet when rain comes down, it falls heavily and in torrents, 
and is in turn followed by a period of dryness. The numerous lagoons, 
(or Barachois area of the sea, where salt and fresh waters meet,) the 
marshes and swamps stretching along the seaboard from Black Biver 
to Grand Bay, which were formerly submerged, are now dried up, and 
their sides exposed to the sun's rays. Such was the state of things in 
February 1865, when a violent inundation occurred followed by a 
period of complete dryness. Soon after this flood, numerous cases of 
fever of a low type broke out in Fort Louis, and among the patients 
brought to the Civil Hospital of this town, I remarked how utterly 
useless were the remedies employed in ordinary febrile cases, and how 
modified the disease became when treated with small doses of quinine. 
As the hot season of 1865-66 (now April) oame on, the sides of the 
lagoons, then above water, and acted on by the rays of a tropical sun, 
began to give off noxious gases, and from the decomposed animal and 
vegetable matters exposed, pestilential evacuations were given off. A 
planter in the district of Blaok Biver, whose statement I have no rea- 
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8011 to doubt, assured me that his men fell down in the field and died a 
few hours after ; he himself had a sharp attack of malarial fever in 
January 1866. During the whole of this year the disease gradually 
made its way to Fort Louis, and on the 1st January 1867, a well 
marked case of pernicious fever, which rapidly proved fatal, came un- 
der my own observation. About the same time, misery and destitu- 
tion prevailed extensively among the lower orders in consequence of 
the scarcity of food and high price of grain. It was under such con- 
ditions that the pestilence broke out in January 1867 in town, and 
advanced with giant strides to the surrounding districts. 

" If to the causes I have enumerated above, viz., denudation of land, 
diminished rain-fall, drought, scarcity of the ordinary staple of con- 
sumption among the poor, we add a population which had doubled in 
in the space of a few years, — an enormous increase, especially among 
the Indian population, noted for its filthy habits; if we consider that 
every suburb was crammed, that the general population even had great- 
ly overgrown the size of the town, that all sanitary arrangements were 
ignored, and the commonest rules of health violated, when carts carry- 
ing the excreta of 80,000 people were allowed to ply, as they do now, 
about the streets in the noonday sun, and putrid exhalations were given 
off at every step ; when we consider that the Black Town or Camp (in- 
habited by Creoles) overlooking Fort Louis, was the receptacle of all 
kinds of filth and ordure, washed down into the streets below whenever 
any rain fell, and that not a vestige of sanitary arrangement existed either 
there or in town ; that the gutters and streets of the town were the 
recepients of all sorts of filth, and animal and vegetable matters in a 
state of decomposition ; that the streams which came down from the 
mountains surrounding Fort Louis, and which intersect the town, were 
overgrown with weeds, and were in many places merely stagnant pools ; 
that the rivers throughout the island were polluted, and that the water 
in many instances was unfit for human use ; that every valley was dot- 
ted with miserable hovels inhabited by Indian squatters, huddled toge- 
ther with pigs and goats, is it to be wondered at that a pestilential 
fever should have broken out on soil so fully prepared for its develop- 
ment P Since then it is true the severe lessons of adversity have not 
been altogether lost, some progress in the way of sanitation haa been 
made, the town is cleaner, yet much remains to be done ; Banitary 
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arrangements are still very defective ; the marshes around Port Loqis 
remain undrained ; the new Rouge, a vast expanse of muddy soil, cover- 
ed at all times by salt water, is still unreclaimed ; vast tracts of land 
formerly covered with trees are implanted ; and the prolonged drought 
ire have had warns us that if the felling of forest trees is to go on 
much longer, the sources of our rivers and streams will, at no distant 
day, be dried up altogether, and a pestilence far more dire will breed 
among us. The case is urgent, the laws relating to forests and rivers 
must be amended, sanitary measures must be fully and comprehensive- 
ly carried out, and sanitary laws must be rigidly enforced, the plateaus 
and high lands of the country must be replanted. 

" Although I am inclined to believe that, in so far as regards its epi- 
demic influences, this fever is in a period of decline, yet I am afraid 
that unless stringent sanitary measures be adopted, it will become en- 
demic in this colony; that during the hot season it will prevail more or 
less, and will disappear during the cool months. As yet few cases have 
been admitted into hospital, but will not the return of the hot weather 
be the signal for its appearance among us, although in a modified 
form ? Modified though it be, the presence of malaria must, to a certain 
extent, influence the nature and progress of disease in this colony." 

Are not the results of inattention to the laws of nature, here narrated, 
almost identical with the results of over-irrigation, as stated by Dr. 
Cutcliffe in his report on parts of the Meerut Division P 

Extremes meet. 



"Country Gentleman's Magazine." 
Volume 1, pages 167 and 168. 

" Watebiwg should never be done unless actually required to keep 
up healthy vitality in plants, and when done, it should be thorough so 
as to reach fully further than the extremities of the roots. 

" Again talking of watering plants. The uninitiated are apt to sup- 
pose that when they have thoroughly wetted the surface, till the water 
is seen running off, they have done all that is required. This is, how- 
ever, a fatal mistake ; for even when discharged from the finest water- 
ing pan rose, the water will soon so clog, fill up or puddle the surface, 
that it will run more easily off, than into the soil, although it may not 
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have penetrated more than an inch or two beneath its surface, and will 
consequently be absorbed by evaporation in less than a single day." 



Volume 1, page 3*18. 
" The longer the land is allowed to be in the same condition, as it is 
left after the corn crop is taken from it, just so much more completely 
will the weeds be allowed to take possession of the soil." 



Volume 1, page 200. 

" Land covered with a rich and productive sward improves in condi- 
tion more rapidly than that which is covered with a poor and scanty 
vegetation. 

" To keep the fields well covered with a rich sward then is the best 
receipt for successful farming." 



Note by Colonel F. H. Bundall, B.E., Officiating Inspector General 
of Irrigation, dated 1st June, 1871. 

I have read Major Corbett's pamphlet with much interest, and 
believe that he is correct in many of the advantages which he attributes 
to deep ploughing ; but I cannot altogether acquiesce in his conclusion 
that it can prove a susbtitute for artificial irrigation. I have no pre- 
tensions to a knowledge of either the theory or practice of farming 
beyond that which has come under my own observation in the agricul- 
ture of this country, with the exception of the cultivation of the sugar 
cane, which plant is perhaps nowhere raised with so much care, atten- 
tion and expense as in the Delta of the Godavery, where the best far- 
mers obtain as much as 6 tons of goor (locally, termed jagghery) off an 
acre, and where, when two tons are not obtained, the crop is considered 
a poor one. The soil was there often turned up with the crowbar to a 
depth of 18 inches, highly manured, and pulverized, but invariably 
highly irrigated. During the time the crop was on the ground it was 
frequently hoed and carefully weeded, and in fact the farming was high, 
the expenses amounting to as much as Bs. 80, while the value of the 
crop raised varied from Bs. 250 to 300 per acre. Without irrigation 
or wherever the supply of water was not ampl*> the yield was very in- 
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ferior. The description of soil in which the cane was grown principally 
was a rich loam, with a porous substratum, while the rain-fail averaged 
about 36 inches per annum, so that the conditions were as favor- 
able as Major Corbett could desire, but yet it is simply a matter of fact 
that artificial irrigation, and abundance of it, was essential for the suc- 
cessful cultivation of the plant. 

In retentive black clayey soils where the " jowar " (holeu* sorghum) 
was grown, the invariable practice was, immediately after the crops was 
reaped, to turn up the soil with the crowbar to a depth of from 18 
inches to 2 feet, the object being to give the soil a " wintering," so as to 
kill the weeds. Jowar is a plant which requires scarcely any moisture 
for its growth, and is never irrigated in that locality, but the ground 
is sometimes moistened before it is ploughed and the seed sown. The 
advantage to be derived from deep ploughing, I have usually heard, 
was that a comparatively virgin soil is reached, and to this is attributed, 
principally the greatly increased weight of produce which is obtained. 
It appears to me moreover that if deep ploughing renders the mois- 
ture in the soil, more accessible to the plant, it must at the same time 
expose it more directly to the effects of the sun's rays, and so cause the 
subsoil to be more rapidly desiccated. With regard to rice cultivation 
it was notable in the Delta of the Godavery that the valleys between 
the sand ridges near the coast, which before a supply of artificial irri- 
gation was available, yielded but poorly, produced some of the heaviest 
crops in the Delta. In this soil there was of course ample drainage, as 
well as opportunity for capillary attraction, but though crops were 
raised in it in sole dependence on the rains, they were but poor and 
of small value. The fact is that artificial irrigation supplies man- 
ure as well as water, and I have always understood it to be an acknow- 
ledged principle in farming that the more water that can be passed 
through the soil the better, so long as it is not allowed to remain in it. 
The conclusion to be arrived at from the perusal of Major Corbett's 
pamphlet, coupled with the fact which pass under one's observation in 
this country, seems to me to be that deep ploughing would doubtless 
effect great improvement in Indian agriculture, but that deep ploughing) 
combined with irrigation, will do much more. 

F. H. B. 



Digitized by VjOOQ IC 



126 THE DRAINAGE OF CAWHPORE. 



No. XVI. 



THE DRAINAGE OF CAWNPORE. 



Memoranda on the plan and estimate for the drainage of Cawnpore, by 
Mr. Edwin Chadwick, C.B., late Metropolitan Sanitary Commis- 
sioner, and Chief Executive Officer of the first General Board of 
Health. 



The plan of the main drainage works of Cawnpore, as it involves a prin- 
ciple of sewerage which may affect all town drainage works, their effici- 
ency, and the means of paying for them, is of very great importance for 
the whole of India, perhaps as well as for that important city. 

For the consideration of this plan of Cawnpore, it is requisite to revert 
to first general principles of town drainage works, involving two distinct 
systems. For those who have paid little attention to the subject, an en- 
deavour is made to give concisely results spread over several volumes of 
sanitary reports. 

The general plan is for main sewers, calculated for the removal not 
alone of ordinary rain-falls, but of extraordinary storm waters, from the 
whole surface, covered and uncovered, urban and suburban, of the civic area. 

The scheme has probably been laid out from old text-books on plans 
of old town drainage works, or of those of the forms and sizes mostly 
adopted in London about half a century ago. 

The results of the works on this principle were examined by our Me- 
tropolitan Sanitary Commission in 1848, when it was found that, at 
enormous cost, they extensively detained deposit, and engendered noxious 
decomposition from the excreta intended to be removed. 

Being constructed to receive all storm waters, even of such extraordi- 
nary storms as occur only once in some twenty years, and having only flat 
bottoms or very flat segments, the effect was that the ordinary sewerage 
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from the houses, and often even the ordinary rain-fall on the street surfaces, 
formed daring the greater part of the year a very small stream, which 
often did not cover the whole of the surface of the large sewer bottom. 
The flow of the thin stream spread over the wide surface, was retarded by 
increased friction, deposit was occasioned, and it went on increasing, until 
sewers of the largest size were choked up with deposit. 

Hence it became necessary for men to enter them periodically, and 
remove the deposit by hand labor and cartage. The branch as well as 
the main sewers were also constructed on the scale for the removal of 

storm waters, and deposit 
being occasioned in them, 
they were generally made 
"man-sized," that men 
might enter and cleanse 
them. The products of 
decomposition of the de- 
posit occasioned in them 
"~ F wi^fiH!!t give off noxious vapours, 
poSSw which enter the houses 

I cuvtrtn tur~ 

| /<K * through the house drains 
and the streets through 
the gulley shoots, pollute the air breathed by the population and lower 
the general health, and aggravate all other causes of excessive mortality. 

The above cross section shows the general scheme of these sewers, and 
what we found to be the ordinary rate of flow of the house sewage pro- 
per, and what was the greatest height of storm water, and their conse- 
quent excess of construction and cost. 

One improvement was made in the egg-shaped form, chiefly to enable 
the deposit to be removed by flushing with pent up water more easily and 
less expensively than by the hand labor and cartage required for the 
cleansing of the flat bottomed sewers of deposit. 

This egg-shaped form, as it concentrates small and intermittent flows 
of water, accumulates less of deposit, than the flat segmented sewers, and 
is less expensive in material and construction. But still they were con- 
structed of excessive sizes, and did regularly accumulate deposit, which is 
a fundamental default, inasmuch as provision for flushing is, under a good 
system, provided, not for regular cleansing, but only for use to ward off 
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the consequences of accidental stoppages, which will be rare in good con- 
structions. 

The following cross sections display the common conditions even of 
these improved sewers and what, mutatis mutandis, may be expected to 
be the common conditions of the large egg-shaped sewers designed for 
Cawnpore. 

Collateral Sewtr of Q* Ew+hapt. Main Sewer o/ Uu Bw~4*ap*. 



m Lepc2 c(f fit tot' 
ett flow during 



vtfy heavy Level Of ^ 

iformu. 




ordinary 
/low. 



The like errors of form and size attached to the common house drains, 
made usually of brick, with wide flat bottoms, which occasioned deposit. 
Mere reasoning upon the conditions of town sewers as above visi- 
bly displayed, did not 
suffice, and I conse- 
quently got trials made 
of the flow of sewer 
water in different sized 
channels, to determine 
what sizes, with what 
flow of water, would 
be self-cleansing. The 
annexed cross section 
is presented as an 
example of these trials* 
In this sewer, which 
had a flat segmental 
bottom three feet wide, and a sectional area of fifteen feet to receive the 
storm water, and the drainage from one thousand two hundred of the aver- 
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age sized houses [in the metropolis, the deposit 'accumulated at the rate of 
six thousand cubic feet per month. But a pipe of fifteen inches in diame- 
ter, placed along the bottom of this sewer with a somewhat less inclination 
(one in one hundred and fifty-three instead of one in one hundred and 
eighteen) was kept by the accelerated fl ow perfectly clear of deposit. 

The average flow of the sewerage (without rain-fall) was about fifty-one 
gallons per house per diem, and the absolute drainage, apart from the 
rain water from all the one thousand two hundred houses, would hare 
passed through a five-inch tube of not one-third the relative size of the 
minimum sized single house drain which had, up to the time of the inves- 
tigation, and upon advice of professors of architecture, been declared and 
enacted in the Metropolitan Building Act to be necessary for a single house, 
namely, one of not less, than nine inches in diameter. 
The instructions set forth — 

" In all cases of drainage by natural streams, important opportunities 
wfll occur to a competent local surveyor for diminishing the friction, and 
accelerating the discharge of surface water, by straightening and thereby 
shortening the water courses, as well as by concentrating the flow by the 
construction of properly formed channels." 

I apprehend that the sanitary disaster, as it appears to me to be, from 
the construction of a large man-sized main sewer at Calcutta will have to 
be remedied by the application of the principle above described which I 
beg to illustrate further. 

It had been accepted as a rule that no sewer would work with a fall of 
less than one in three or four hundred, as might well be the case where 
he sewers were made, as they mostly were, large and wide. But with 
improved adaptations of sizes to the concentration of the ordinary flow, 
outfall sewers have been made self-cleansing, with a fall of little more than 
one in a thousand. Accepting the old practice of Civil Engineers, Cap- 
tain Denison, of the Royal Engineers, (afterwards Sir William Denison 
the Governor of Madras), examined and reported upon the city of Salis- 
bury for the Health of Towns Commission, and gave it np almost in des- 
pair on account of the assumed insufficiency of the only fall apparently 
attainable. But by a better adaptation of the sizes that city has sub- 
sequently been drained effectually with self-cleansing house drains as well 
as main sewers, and the death rates there have been reduced by more than 
a third. 
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At a late visit to the camp at Aldershot to see the sewerage farm there, 
I was enabled at once to pronounce the drainage of the camp to be false 
in theory and pernicious in result. On being asked why, I ventured to 
say so without having seen the plan of the works. I stated that I was 
enabled to say so decidedly by the smell ; the smell from the sewerage at 
the outfall was the smell from decomposition, and decomposition denoted 
stagnant deposit, and stagnant deposit denoted bad engineering. You 
may at once and decidedly test all town engineering works by the smell. 
In the instance of that camp, the mistake had been made of making large 
sized 18-inch sewers with the view of taking in extraordinary storm water, 
when 6-inch pipes would have been self-cleansing for all ordinary occa- 
sions. 

****** 

It has been the practice of Civil Engineers and Architects to enlarge the 
area of any main pipe in proportion to the sectional area of each junction 
into it, whereas it was found by trial works we got made, that the addi- 
tion of eight junctions, each of three inches in diameter, into a main line 
of only four inches in diameter, so increased the velocity of the stream 
that the 4-inch pipe carried it away. 

This principle of accelerated velocities with small additional heads of 
water is of great practical importance, as enabling much ordinary rain- 
fall to be admitted from covered surfaces, the roofs of houses, and paved 
streets in to the sewers primarily adapted to remove the sewerage and 
waste water from houses, with which alone in dry weather they should be 
kept sufficiently full to be self-cleansing. 

By careful adaptations of sizes, and in house drainage works getting 
improved falls by draining at the back instead of through the houses to 
the front streets, on a system of combined back drainage works (which 
would appear to present peculiar advantage for Indian cities) it has been 
found that three houses might be drained well at an expense heretofore 
incurred for one. 

The differenae of system is displayed in the annexed plans. 

The late Mr. George Stephenson, the celebrated Railway Engineer, 
made an estimate for sewers works for the city of Carlisle, on much the 
same principle as that proposed for Cawnpoor, and apparently as those 
described as adopted for Calcutta. They were all to'be large " man-sized " 
sewers, to be entered aad cleansed by hand labor. The estimated ex- 
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penie was £70,000. The city has since been sewered by Mr. Robert Raw- 
linsmi, C.B., one of oar Inspectors, on correct principles, as laid down by 
the Metropolitan Sanitary Commission and the General Board of Health, 
with selfaleansiing sowers, at an expense of about £20,000. 

It must be observed that there are gross interests on the part of contrac- 
tors as well as of Civil Engineers in the profits of works on the larger 
sealeg, which were cat down by the General Board of Health, which there- 
by subjected itself to violent organized hostility, and from these interests, 
which are hardly yet appeased or reconciled to the large economies of the 
new system or, by the new work created by it, requiring a change of prac- 
tice. 

In illustration of the principle of concentration, or of the close adaptation 
of channels for drainage to the ordinary dry weather flows of sewerage, I 
quote the following passage from an expository paper of mine on land 
drainage : — 

" Near the metropolis there are, besides the common ditches, large open 
water-courses, which serve to carry away flood waters. When there are 
no floods, the water in the shallow streams or in threads of water moves 
sluggishly over the uneven bottoms, or it lodges in stagnant pools in these 
ditches, giving off offensive and insalubrious effluvia, for many of these 
ditches are used as outfalls for the drainage of suburban houses, and, with 
the addition of such house drainage, the effluvia becomes at times highly 
noxious, and even fatal. The courses of these open water-courses were 
marked by excessive ravages of the cholera amongst the population 
living near them. 

****** 

I do not see the exact method recommended for the treatment of the 
Cawnpore nullah, but it is stated that " its cost alone is estimated at Rs. 
45,000, and it is therefore not likely to be made for some time to come. 
"The Lientenant Governor does not feel justified in authorizing the 
experditnre of large sums of money upon what, after all, might fail of 
success." 

Just so ! "With such works and such expense, that has been precisely 
the state of thing6 in England, where, however, it has been thus obviated. 

" In some cases the course was taken of laying down tubular drains of 
about 18 inches in diameter, below the bed of the natural water-course 
and (leaving openings at intervals for junctions of side drains) covering 

VOL. I. — SECOND SERTXS. Q 
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oyer the tabular drain. The bed of the stream Being re-formed with clay 
and gravel, so as to form a better channel, such extraordinary flood water 
as will not pass through the pipe beneath is taken on that bed. In this 
mode a better fall is got, the flow and the sweep of the water is accelerated 
and comparative cleanliness and salubrity is obtained at from one-fourth 
to one-eighth the expense which would hare been required to have covered 
.the culverts of a sufficient capacity for extreme floods. So great is the 
acceleration of the flow through the pipe in the water-courses, that it is 
only on comparatively rare occasions, perhaps two or three times a year, 
.that there is any overflow above them, and the surfaces usually present the 
appearance of a dry and narrow road. The cost of the work was from 
2a. Sd. to 4s. 6rf. per foot of run ; to have arched over such a stream would 
have cost vastly more. In some cases the foul water of open streams may 
be diverted into neighbouring streams, when no further expense need be 
incurred, except for re-forming the bed of the brook for the conveyance of 
of flood water." 

The following transverse sections will illustrate the treatment, the 
principle of which, it is submitted, might well be made known in India 
where it would be extensively applicable. 

Ordinary Flow of Water. Flood. 





Scale — lb feet to 1 inch 

It appears that the area of Cawnpore is about 820 statute acres, and 
that it is proposed to construct sewers to remove half an inch per hour of 
rain when the sewers are half full Now it is confidently averred that any 
calculations of dimensions and costs of sewers made from such data ought 
not to be adopted. This would be a preparation for 12 inches of rain in 
24 hours ; or, if the sewers were to run full, not less than 36 inches of 
rain in the area drained. It is stated that, at Calcutta, the rain-fall is at 
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times a quarter-inch per hour, or six inches per diem. This would be 600 
tons on each acre. The Engineer there says that six inches of rain from 
the surface of Calcutta will be equivalent to a stream of 40 feet wide, eight 
feet deep, and flowing with a Telocity of four feet per second* This is 
equal to 427,516,000 gallons per day, or nearly double the dry- weather 
flow of our River Thames at Teddington Lock.* In the way of illustra- 
tive contrast with what is chiefly to be dealt with in town sewerage, the 
waste water, and the matters which it may convey from within habitations, 
it may be mentioned that, when we examined the water supply of London, 
the quantity pumped in was about forty-four millions of gallons daily. 
This, if it had been equally distributed, would have given about 13 cwt., or 
60 pailsful to each house, more than half of which we found was wasted. 
The total supply would have been delivered in a brook nine feet wide and 
three feet deep, running at the rate of three feet per second, or a little 
more than two miles per hour during the 24 hours ; and for the removal 
of the same volume of refuse or soil water three sewers of three feet dia- 
meter and with the proper fall would suffice. I have not the present 
population of Calcutta, but I conceive that less than one such sewer would 
suffice for the similar removal of the house drainage proper there, and so 
in the proportion of the population and the water supply at Cawnpore. 

It follows from the established principles of town drainage in England, 
that sewers of such capacity as are proposed for India are not required, 

• To display the reflex opinions of professional men in London to those of the Engineers of 
Cawnpore and of Calcutta, I would beg to present a portion of my examination of the late 
Mr. Joseph Owllt, the author of the Dictionary of Architecture, and at that time the offloer of 
one of the Metropolitan District Sewers Commissions :— 

" Qaeste*. It appears that there were, in the whole of the metropolis, 270,000 houses. Now, 
ff each boose were to have, at the least, a 9-inch drain, as you, and architects in general, re- 
commend, it appears that the area of the stream to keep them full and flowing would he 1,182 
feet in width by 105 feet in depth ?— Atuwer. Yes. 

'* Q. It is estimated that a supply of water for the metropolis, supposing each house to have 
a supply of 126 gallons per diem, or 25 gallons per head, would be given by a circular tunnel 
or aqueduct 121 feet in diameter. Can you prove any addition of rain water, or even of extra- 
ordinary storm water, requiring a system of drainage of a sectional area more that five times 
that of the Thames at Waterloo Bridge at high water, or nearly a thousand times the area of 
t&e aqueduct that would furnish the whole supply of water to the metropolis ?— .4. I apprehend 
that in providing drains for a house, you are to provide against accidents, therefore I should 
say it would be prudent always to have drains larger than necessary, to guard against stop- 
pages. A stoppage in a small drain stops up the whole orifice. A stoppage in a large one is 
partial. • There may be, most likely, a means of running off in some way or other. 

u Q, Do you dispute the fact that a 4-tnch drain to a house keeps clearer than a 9-inch, and 
dearer still than a 11 -inch ?— A. I certainly do dispute it." 

The fact, however, was established indisputably, by trial works and by subsequent extensions* 
very soon, in hundreds of thousands of instances under our regulations. 

2 Q 
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even taking in roof water, and, if they were required, it is apprehended 
that very few could be constructed because of the cost. 

In England, rain falls in thunder showers at a rate of one inch in 15 
minutes, or four inches have fallen in one hour. Sewers cannot — proper- 
ly — be constructed in England or in any country to contain heavy falls of 
rain. Surface water must pass away at and over the surface. This is the 
first fact any Engineer must now master before he designs main sewers for 
towns. 

In London, rain falls at a rate of about two and three inches per hour in 
thunder-storms — at times steadily two inches in 24 hours. The new inter- 
cepting sewers for the metropolis provide only for quarter inch in 24 hours. 

At Alnwick, in Northumberland, the area sewered is upwards of 2,000 
acres. The main outlet sewer is 18 inches diameter, with a fall of one in 
400. There have been falls of rain in Alnwick since the town was sewered 
which would have filled a tunnel sewer 20 feet diameter. 

This water went (as it had ever passed) over the surface. 

It may be confidently averred from the premises that the arrangement 
proposed for the Cawnpore main sewers ought not to be adopted, and that 
covered sewers in India should not provide for monsoon floods nor for flood 
waters caused by rain at any time. 

One point of experience in England, in driving large and deep tunnel 
sewers, devised on the plan in question, through old urban districts, is, I 
conceive, important to note for India, and that is, that you can hardly ever 
anticipate what sort of old and tall superstructures you may endanger, or 
what sort of loose and difficult strata, heretofore undisturbed, you may 
have to encounter, and, consequently, that with such work you can never 
rely on your estimates. Of this an instance was presented at Westmin- 
ster, not far from the India Office. When I was at the Metropolitan 
Commission of Sewers, I got a plan made for the new sewerage of 
the whole of Westminster proper, with self-cleansing tubular sewers 
16 miles in length, which was to cost about a thousand pounds per mile. 
For the sewerage of the new wide street, Victoria Street, and Parliament 
Street, to beyond Whitehall, two — nine inch if I remember rightly — 
tubular pipes were provided to be laid down one under each foot pavement 
to save the expense of carrying all the drains to one sewer under the dis- 
tant centre of the streets. And these two pipe sewers would have accom- 
plished everything wanted, and endangered nothing. We were compelled, 
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by the pressure of an epidemic visitation, to leave that Commission, and to 
confine our work to the severe duties of the General Board of Health. 
The work of the Metropolitan Sewers Commission was charged upon 
some eminent Civil Engineers, in the reliance that they would follow out 
the new system. But they reverted to the old one, and directed a large 
man-sized tunnel sewer to be constructed for Victoria Street down to White- 
hall Yard, about a mile, at an estimated expense of £14,000. When 
this sewer arrived amidst the old buildings at Whitehall, my friend, the 
Comptroller of the Exchequer, came to me in great alarm at finding the 
walls of his office beginning to crack, aud the doors not to shut, from an 
increasing settlement. There was nothing for it but to prop up that and 
other old buildings which suffered serious damage. Midway of the deep 
cutting, however, a very loose slippery sand was encountered, on which it 
was extremely difficult to get a foundation. The total cost of this work 
has been little under £150,000, with the result of a large noxious sewer 
of deposit, which is little else than an extended cesspool. . To avoid the 
danger of deep cuttings in old districts, if one pipe sewer near the surface 
does not suffiee, it will frequently be safer to have two, even in narrow streets. 
On the more general question, the Engineers should be required to con- 
sider that the purpose is not the mere discharge of the surface rain-fall in 
an acre of land, the greater part of it uncovered by houses or paved surface. 
If the object were the drainage of uncovered lands, it would then, under 
proper treatment, be by drainage through the lauds by sub-soil drains, in* 
stead of over the lands or by surface channels merely to convey the surface 
washings by rains, which carry away with them manure as well as the fine 
portions of the soil. By the removal of the rain-fall from uncovered garden 
or agricultural laud through sub-soil drains the discharge is largely modi- 
fied, requiring corresponding modifications in the way oi reduction of the 
Biges of the trunk and tributary channels. The later established doctrine 
of town drainage has been formularized, as " the rain-fall to the river, the 
sewerage to the land,' 1 including, however, in the sewerage, some of the 
ordinary rain-fall on streets and roofs, iu which special rain-fall imbibes — in 
the soot and dung on roofs and on the streets— often as much good man- 
urial matter as is obtained in the waste water discharge from within the 
houses. Treatment in respect to these covered spaces is, not to provide for 
the overflow of the tails of storms, when the surface washing has been 
pretty complete and the discharge is chiefly of very clear rain-fall. 
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In other respects, the Engineer should be instructed that the objective 
point in town drainage is the discharge of the waste and foul water from 
within the houses during dry weather, with the addition of any ordinary 
surface washing of the roofs and streets by ordinary, and not extraordi- 
nary rain-fall ; and that he should carefully observe what that actually 
is, in fair specimen districts, or in any model district, and adapt his 
channels to that, holding him responsible for the result that every chan- 
nel shall be self-cleansing ; and that all stagnancy and all smell from 
decomposition means default on his part. His duty is to ensure that all 
foul or waste water, all excretory matter thereon that can be removed in 
suspension in water, — and no modes of removal are so cheap or so good,— 
shall be removed from within houses or the sites of towns before it can enter 
iuto advanced or noxious stages of decomposition. In this respect, the 
merits of his plan, as before instanced, may really be tested by the smell 
which any civil superior may do. One mode of testing the complete drain- 
age work of a town is this. Some substance, which can be distinguished, 
of the specific gravity of water, — in England a split turnip serves, — is taken 
and pieces are put into one or two of the water-closets at the head of the 
district drained (when all the house drains and service are on), and timed 
when let go, and watched for at the outfall, and the time of their arrival 
noted, and the plan judged of accordingly. If the pieces do not arrive, 
there is stoppage and defect somewhere, which has to be removed at the 
cost of the contractor. 

To illustrate the difference of systems, I may mention that I have in- 
spected the outfalls of the old sewers of the metropolis and of several 
cities in England, and I never saw, fasces in form or any paper discharged 
from them. What you saw discharged was a chocolate-colored stream. 
This was overflow matter disintegrated by decomposition whilst detained 
in cesspools, or in drains of deposits, or in sewers of deposit, putrid 
sewage, in fact, which kills fish. On the change of system in towns newly 
sewered with self-cleansing sewers, the people were surprised and disgusted 
at seeing the abundant continuous discharge of faeces in form and paper* 
The fresh sewerage feeds fish, and anglers get their best sport at the sewer 
mouths of the newly drained towns. It is now, however, being found thai 
a better use may be made of this fresh sewerage than feeding fish with it 
Its manurial powers are, of course, greater than putrid sewerage, and in 
its fresh application, properly and immediately, before advanced stages of 
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decomposition can set in, it is free from noxious emanation and danger. 
The vegetation produced by it is of extraordinary superior quality, some 
farmers, regarding the profit of the produce, hare called the paper bank 
notes. When successfully applied it will certainly surprise the natives. 

In the towns where the drainage work is according to principle and 
complete, at Bedford, for example, the excretory matter will be on the 
land in less than an hour or two. At Cawnpore, all the manurial matter 
of the morning ought to be on the land, not in mechanical suspension, 
but in chemical combination, before the afternoon ; and if actual working 
examples in England be duly examined, it may be seen how this may be 
done. 

But the most full reports with varied illustrations make but little way in 
England without the sight of actual works. On the Metropolitan Com- 
mission of sewers we could only make way with the improved new system 
of combined back self-cleaning house drainage and self-cleaning sewers 
when we had got some blocks of buildings drained upon the system as 
trial works. We allowed several officers to try and show what they could 
do with different blocks. 

We first got well drained the block of buildings comprising the Cloister 
at Westminster where there had been a severe epidemic, then some blocks 
of buildings in the worst conditioned neighbourhoods, which served to in- 
struct workmen as well as others with the new system. This course is 
suggested as a future expedient for Indian cities. It would be to take 
some available street or a Government block of buildings for the purpose, 
to carry a constant supply of water into them to put in soil-pans, perhaps 
On the Turkish principle, and lay down drains to be made self-cleansing* 
This would serve to familiarise the natives with the work, and enable the 
Engineer to see the better what was to be done for the general extension 
of the system, and enable contracts to be made when well observed results 
have been obtained. 

It is to be repeated that the house, which is commonly the last thing 
that has hitherto been regarded, ought to be the first to be studied for 
efficient sanitation. In England vast expense has been incurred by driv- 
ing even well formed sewers through streets without regard to house 
junctions or providing for them ; excellent tabular pipe sewers have failed 
and have accumulated deposit like the large old brick sewers from only a 
small part o! the houses for which they were intended being joined on to 
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them, giving scarcely more of sewerage than sufficed to wet a long fine 
and occasion deposit in consequence of the disproportionate amount of 
friction. This default of house junctions arose from an administrative 
defanlt of which it is important to be aware, — of requiring poor owners, 
or poor occupiers of poor tenements, to undertake, or to pay the whole 
amount for the entire house drainage works at once, — an immediate outlay 
of four or five pounds at least, instead of doing the work for him at the 
lowest contract prices, and requiring repayment only by equal annual in- 
stalments of principal and interest, say of four shillings a year, payable 
quarterly, for the fresh water supply constantly carried into his house, and 
for the waste water and everything being constantly carried away from it. 
The Engineer, if he does his duty to the Administration, will give a greater 
water service for the house at a lower price than that of the cheapest water 
carrier. 

When the Officiating Chief Engineer of the North -Weste'rn Provinces 
states, in his notes on the drainage of Cawnpore, that u this question of 
the drainage and sewerage of towns is confessedly very difficult, indeed it 
is not yet satisfactorily solved anywhere ;"• he must be understood to 
mean that it is very difficult in the present state of knowledge in India, 
that he has seen no reports or instructions there sufficiently elucidating it, 
and that it is not yet solved anywhere in India. That such a statement 
should be made, and the conficts of opinion occur as displayed in the 

* I observe that the dry earth cloeet system, that is to say, the system of preparing the soil and 
taking it to the houses to reoeive the smaller part of house sewerage. &c., the fasces and the urine, 
in place of taking all the sewerage, soap suds, slops, 4ms., at once to the land, is favorably regarded 
by some people in India, not only for detached houses, but for contiguous houses and whole districts. 
Independent testimony displays the errors committed in respect to that contrivance. The reports I 
have seen are unfavorable. Unless great care be taken, which it never is, it become a nuisance. The 
manorial assimilation with the soil is imperfect. As much water is often wanted to cleanse the 
places properly as would serve to work a water-closet, and the whole process is dearer than a proper 
soil pan or water-closet apparatus. I was recently asked by an officer from the Colonial Department, 
whether I could suggest any remedy for a difficulty that had arisen from the use of the dry earth 
closets in the West Indies, where it had been introduced in some places. The dry earth was found to 
be a convenient nest or feediug place for some flying insects which bit ferociously and painfully, and 
which could not be safely approached uncovered. Could not the earth be prepared in some way ? I 
was asked to make it repulsive to the unpleasant and dangerous intruders. I had so other suggea* 
tion to give than that of drowning them and the nest too, by the application of water, i, *., by a re- 
course to the water-closet principles. In fact for detached cottages out of the way of any town water 
supply, or any proper system of house drainage, and where the Levittoal provision is expedient, the 
best and cheapest method is the use of a pail containing the waste water and slops of the cottage, 
which the cottager should be instructed to remove doily, and empty into a trench in the garden pre* 
pared for its reception as manure, to be immediately covered over by soil, is the most advantageous 
mannrlal and sanitary process. You get a larger quantity of manure more readily and completely 
assimilated. 
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papers on the drainage of Cawnpore, shows that the instructions of the 
Sanitary Commissioners on this subject are insufficient, and that more 
precise and full information, with varied detailed illustrations, are now re- 
quired, as indeed will be evident from other papers from India, 

I would submit, in this very example of Cawnpore, that it weald save 
vast waste in useless outlays in India if the latest examples of the solution 
of the difficulty in England were carefully examined and put in form for 
the instruction of officers charged with the planning and execution of 
sanitary works in India, 

The instructional papers which I prepared with the aid of the Special 
Engineering Staff of the General Board of Health for the information of 
local authorities in England, on the drainage of lands and of houses and 
towns, and on the application to agricultural produce of sewerage, and 
which have been accepted as text-books,— are now out of print, and copies 
fetch high prices. I have visited several places where new works, on the 
principles set forth, have been got in complete action to show them to officers 
in the Indian service. On such occasions I have put to Engineers, or to in- 
telligent officers in charge of the works, questions to this effect: " Suppose 
these works were to be done over again on your experience of their work- 
ing, what alterations would you make in any, and what part of them?" 

Different local engineers have applied the same principles, with devia- 
tions of their own which I must say have, as respects the scales generally, 
proved to be in error, but such questions do frequently elicit suggestions 
of modifications in details which the practical Engineer would appreciate 
as of great importance. 

I should be most happy to aid any Indian officers in such a work. 
Indian sanitary officers have of themselves visited some of the towns 
where new works have been got into action, but their reports, it may be 
shown, are of little or of inferior value, practical value, from their not 
having distinct preceptions of principle, or the chief objective points of 
attention. 

Economy for sanitary works in India is, I apprehend of greater impor- 
tance for their adoption and extension there, even than the poorer urban 
districts of England. It has proved here very up-hill work to press 
economy for this purpose against " brick and mortar interests" and 
professional inertia, and convenience in current practice with common 
ascertained materials and prices in settled price books. 
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The Romans distributed, as Columella states, water into towns and 
houses with earthen pipes under a 100 feet of pressure. 

For the sake of economy, I got some trials made of the strongest earth- 
enware pipes that could be obtained, but it was reported that they did not 
succeed. However, I have learned that in thirty towns in France water 
is distributed in earthen pipes, in instances where it is required at 160 feet 
of pressure, at one half the price there of iron pipes. I submit that, for 
the sake of economy in India, it would be of importance to have those 
examples carefully examined. 

As one means of economy, I also got trials made of concrete for sewers 
and drains, but it was reported that concrete would not answer. I was 
not then sufficiently acquainted with concretes to enable me ta judge of the 
sufficiency of the trials, but now it appears that concretes made with Port- 
land cement do answer well for sewers in France, Holland, and Germany, 
where their use is extending. A trial has indeed been made, under the 
Metropolitan Board of Works, of concrete for some sewers ; and the En- 
gineer informs me that he makes superior work with it at one-third leas 
expense than brick work ; and that it might, indeed, be further cheapened. 
But in the North of France and some parts of Germany, I learn that 
concrete with Portland cement in large proportions of one in three, and 
even of one in two of cement, has been used successfully for the convey- 
ance of water into towns and houses, in one instance, it is stated, under a 
pressure of 200 feet and with great economy, and with some special 
advantages over other materials. 

How far these means may be made available for India, with economy— 
whether Portland cement, which is now being sent there in increasing 
proportions, may be made there with advantage,— are, I submit, important 
topics, for inquiry. I cannot bat believe that the materials, chalk or lime, 
of the right quality, and clay, with fuel, may be found, if sought for, in 
India, and the excessive cost of transport from England avoided. 

It may be confidently anticipated that, by one means or other, the ex- 
pense of sanitary works for the Indian cities may be greatly reduced. 

With a view of giving some proximate notion, though a wide one, of 
the expense of complete sanitary works executed in England on the new 
system, it may be stated that a constant supply of water, of 100 gallons 
per diem, is carried to the door of every house for about 1 J<Z. per week, 
and that the waste water is carried away for about another JcJ. per week, 
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whilst the internal works, to be paid for by private improvement rates, 
including the supply waterpipe to the sink, to the soil pan, and the seat, 
and the drains for the discharge of all waste water and the excretory mat- 
ter from the closet, are defrayed by another penny per week, or a total 
expense of threepence halfpenny per week, or a halfpenny per day to all 
houses. 

The houses of the middle classes or the higher classes, which have 
several closets, will pay in proportion. 

What difference might be made by the different prices of labor and 
materials in India I have no means of judging. 

I beg to be allowed the opportunity of stating that the general result 
of these rudimentary sanitary works, when got into complete action, is a 
reduction of the common death-rates by about one-third, — leaving much 
still to do. In that old city of Salisbury which I have mentioned, as hav- 
ing been at first thought a case beyond sanitary cure, the old death-rate 
. had been about 40 in 1,000. By better water supply and other works, it 
was reduced to a fluctuating rate of from 26 to 28 in 1,000. But by the 
complete self-cleansing house drains and sewers, the fluctuation is brought 
down to from 15 to 17 per 1,000. The general sanitary data are now so 
far established that a great contractor or contracting company would be 
warranted, and would profit in contracting for results upon payment of the 
existing private and public expenses of insanitary conditions. The data are 
most clearly distinguishable in public institutions. Thus, in an orphan asy- 
lum for boy 8 where the death-rate had been 12 in 1,000, water-closets and 
self-cleansing drainage was introduced, and it was reduced to 8 in 1 ,000 ; 
then, by further improved ventilation and by regular application of the 
water supply to complete personal ablution, it was reduced to about three in 
a thousand, the death-rate amongst the children of the same ages outside 
remaining at 10 and 11 per 1,000. Indeed, in one district in half-time 
schools, and orphan schools, the " children's diseases," of spontaneous origin 
may be said to be positively banished, and the sickness and death-rates 
are reduced to one-third of those regularly prevalent amongst the children 
of the outside population. Good returns of sickness now denote defaults 
with certainty to those who understand them. There is a sudden outbreak 
of dysentery in a prison. But dysentery is regularly and severely preva- 
lent amongst the outside population, it is first observed in excuse. That 
may be, but it ought not to be in the prison ! On sending to enquire, it 
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is found out thai by reason of some clumsy work, the prison drain had 
leaked into the well which supplied the prisoners. A severe outbreak of 
fever takes place in a women's lying-in ward ; there must be some default 
with some one? On investigation, it appears that an old stagnant ditch 
a short distance from the ward has been emptied, and that the stupid men 
have spread the putrid contents over the ground on either side, so that 
the noxious evaporation has reached the inmates. We get no such protec- 
tion for privates houses, except common lodging houses. The papers in 
relation to Cawnpore do not enable me to judge in respect to it, but I 
conceive that, as, a rule, complete sanitary works for Indian cities will need 
more that in England a wide basis of sub-soil drainage and culture of 
suburban and adjacent land. It appears to me that two-storied barracks 
have been somewhat indiscriminately constructed to lift the sleepers iu them 
above ground miasma at an expense, which good sub-soil drainage (costing 
in England £5 per acre) would remove. Of sanitary work applicable to 
India, I got Lord de Grey, when he was at the War Office to direct the ex- 
amination of one example presented in Algeria, of which I had been in- 
formed by French sanitary authorities. It was visited and examined by one 
of our former inspectors, Dr. Sutherland, now of the Army Sanitary Com* 
mission ; by Mr. Robert Ellis, C.B., late President of the Sanitary Com* 
mission of Madras (he who set Masulipatam to rights after it had been 
overwhelmed by the cyclone), and by Colonel Ewart, R.E. On a tract of 
somewhat wet land, which it had been deemed necessary to occupy for 
strategical purposes, the old Indian Army death-rates of 80 in 1,000, and 
more, had prevailed amongst the troops, and the loss was most severe. 
Colonization and culture was attempted, but three sets of colonists were 
cleared away ; the death-rates amongst the children greatly exceeded the 
birth-rates, and succession from the colonists was impossible. But by 
getting a good water supply and good drainage works, and putting the 
habitations in a good sanitary condition, and by the drainage and cultiva- 
tion of the surrounding land, taking sanitary precautions which protected 
the laborers, on opening up the land, and other sanitary attentions, the 
death-rate amongst the soldiers was reduced from the old Indian death* 
rate to below the most recent one (20 in a 1,000) to 12 in 1,000. 
Amongst the civil population the death-rates have been equally reduced ; 
but above all, for settlement, the death-rates amongst the children have 
been greatly reduced below the birth-rates, and the examiners found on the 
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the site a crop of ruddy children, as healthy as the average of children in 
France. Mr. Ellis, to whose special Indian sanitary experience and suc- 
cess much weight is to he attached, declared that the principles of the 
Algerian sanitary works were practically applicable to India. 

East Sheen, Sorbet, ) E. C. 

April 4th, 1871. I 



Note. — The remarks of Mr. Chadwick, so far as they criticise the scheme 
for the drainage oj Cawnpore, appear to be based on a misconception of fact, 
as the project which is in hand makes, it is believed, no provision whatever 
for house sewage, but the paper enunciates general principles and gives 
various information, which may be of much practical utility. 
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No. XVII. 

NOTES ON RETAINING WALLS. 
(5th Paper). 



By J. H. E. Hart, Esq., Executive Engineer, Bharwar. 



Practical Design and Construction. — Theory points oat certain con- 
siderations which guide us in practice. 

We see that the Foundations of Retaining Walls ought to be particu- 
larly secure, and especially so in walls with battering backs ; because the 
vertical element of the thrust of the material retained adds to the pressure 
of the structure upon its base. 

When the ground on which a wall is to be built is soft, or treacherous, 
it will be prudent to design the profile so that the centre of pressure, or 
resistance, shall coincide with the centre of figure of the base ; this is 
effected by making q in the formulas = o. Or, at least, care should be 
taken that the maximum pressure shall not exceed the power of the 
strata to resist compression, or displacement. 

In all doubtful cases, the bed on which the foundation courses are to be 
laid should be excavated to such an inclination with the horizon that there 
shall be no danger of the wall slipping bodily forward ; this will be provided 
against by giving the bed an inclination so as to be approximately per- 
pendicular to the direction of the resultant pressure; or, practically,* by 
sloping it at right angles to the face batter, if any. 

If the strata be obviously insecure, piling must be resorted to ; and 
every possible expedient adopted to drain the bed both in front and rear 
of the masonry. 
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Light materials, such as brick- work, and hollow walls, such as nsed by 
Rennie at Sheemess, may be adopted in these positions. In order to dis- 
tribute the weight oyer a greater area, and bring the centre of pressure 
towards the centre of the base, the masonry in the foundations should be 
arranged in steps, tbe width increasing by a series of off-sets. 

Theory indicates that the bedding of the courses of the masonry should 
incline from the front to rear, it is therefore advisable to batter the face 
of the wall in order that the face angles of the stones may be right angles, 
or nearly so. 

All other things being equal, the greater the face batter the greater the 
stability ; bat practical considerations connected with the use of the wall 
limit this condition, so that a wall has usually a back batter as well as 
one on the face, which should be formed by a series of small off-sets or 
steps in the masonry of the back. These steps support at least the 
weight of all the material which is vertically over them, and the mo- 
ment of this weight tends to increase the stability of the wall. 

If the filling over the steps be hand-packed dry stone, the stability will 
be nearly as great as if the wall were built with a plumb back of solid 
masonry. 

As the intensity of the pressure is usually greatest towards the faces of 
the wall, it follows that tbe masonry in these places should be of a 
superior class; hence such combinations as ashlar or block-in-course fac- 
ing, with rubble, or concrete backing, may be suitable ; but all such com- 
binations should be introduced with caution, and treated with great care, 
so that no unequal settlement or separation of the facing and backing 
should be likely to occur. 

Long headers, and special bond stones, should be plentifully introduced, 
and the work should not be run up too rapidly when such combinations 
are adopted. 

The better class of masonry used in the facing should reach back into 
the work about doable the distance of the centre of pressure from the 
lace, or at least to such distance that the intensity of the pressure on 
the masonry of the backing, at its junction with the facing, shall not 
exceed the safe limiting resistance of the material used. 

The stability of wall is proportional to the specific gravity of its ma- 
sonry; it, therefore, follows that, where the foundation's bed is good, heavy 

• Sw Note to page 95. [Pint Series]. 
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stone, Mich as basalt, limestone, &c, is preferable to light material, such 
as brick. 

In reclining walls, an increased specific gravity of the masonry, although 
it increases the value of the mean pressure on the base, does not neces- 
sarily cause a like increase in the maximum pressure ; because the greater 
weight reduces the value of the deviation (qx) of the resultant from the 
centre of the base. 

Revetments or Retaining Walls should invariably be constructed 
with rough backs, so as to increase thereby the friction of the earth 
against them as much as possible. 

Weepers, rectangular holes about 2 inches wide, passing through the 
wall from rear to front, should be arranged for, so as to permit the escape 
of any water that might find its way to the back of the wall. One should 
occur in every 8 or 4 square yards of the lower half of the wall face, or 
about one in every 50 running feet of each course, and they should be 
placed so as to alternate with each other, course by course. 

Thorough drainage, secured by these weepers ; and the use of a verti- 
cal layer of a permeable material next the masonry at the back of the wall, 
will best maintain the thrust of the earth filling at a minimum. It is 
usual, for this reason, to pack behind the wall, as it is being built up, a 
layer of shivers and refuse stone ; and such mass also often helps the 
stability of the wall, by it's weight resting on the steps of tbe back batter. 

The angle of repose of the earth filling, and therefore its thrust, is 
reduced by packing it in counter sloping layers. 

The layers should be at right angles to the plane of natural slope 
and of a thickness not much exceeding one foot. 

When the stuff at the back of a wall cannot be drained, or when it 
partakes of the nature of mud or quicksand, the wall must be designed to 
to resist water pressure, or rather the pressure of a fluid of the density of 
mud and water combined. An economical method of relieving a wall of 
such pressure is to tip behind it a bank of sound material, extending a, 
far back as the angle of repose ; or to build a dry stone bank, or wall 
between the masonry and the treacherous material. 

When springs occur behind, or below a wall, they should be carried 
away by piping, or water-tight culverts, and thus got rid of immediately. 

Dams — Dock walls — and Weirs require special care in founding 
equally with other retaining walls. 
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Water must be effectually excluded from the strata below the walls 
so as to preclude all danger of their sliding forward, or being blown up. 

Weirs may require a row of sheet piling on the up-stream side to pre- 
vent the passage of water beneath them. The foundations of dams are 
sometimes connected with the rock on which they are built by large 
stones let as dowels into the rock and projecting up into the wall, but 
such arrangement appears unnecessary in all except small walls whose 
mass is not sufficient to ensure stability by weight. 

When a wall under water pressure stands on a soft material, the centre 
of pressure may be made to coincide with the centre of figure of the base 
by making the wall, in profile, to approximate to that of an isosceles trian- 
gle, whose angles, at the base, equal 35£ degrees, or whose base = 1*414 
X the height. 

Unless the co-efficient of friction of such a wall on its bed exceed 0*25, 
the weight of the masonry must equal at least 145 lbs. per cubic foot, 
otherwise it may slide forward.* 

Walls of Bams and Reservoirs are often deprived of the water pressure 
at their backs ; it is, therefore, necessary to examine their stability under 
the influence of their own weight alone. 

Dock and Sea Walls, although supposed to have to resist earth pressure 
only, should always be made strong enough to bear water pressure, as at 
any time the contingency may occur of an infiltration of water at their 
rear, while the water in front may be withdrawn. 

The pressure of sea water exceeds that of fresh water in the ratio of 
1 -026 to 1 ; the weight of a cubic foot of the latter being 62*4 lbs., and of 
the former 64 lbs. 

In Docks, and other Harbour-work ; and often in Brick Retaining walls, 
the profile adopted is that of a curved batter, with off-sets in steps (usu- 
ally in projections reckoned in half bricks) at the back. 

The radius of curvature is usually three times the height of the wall, and 
the centre of the curve is in the horizontal drawn through the top of the 
wall, in this case the batter will be £ the height of the wall, very nearly, 
which is considered to be a good practical ratio. 

It will be sufficiently accurate to calculate for a wall of this section 
as if the batter were straight, the effect of the curvature being to add to 
the stability by bringing the centre of gravity farther in towards the back. 

* Rankine'i "Applied Mechanics," Art. 216. 
VOL. I. SECOND SERIE8. R 
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The advantage of this section is chiefly to be found in sea and quay walls, 
where its better fitting the shape of vessels is of some importance ; and in 
its supposed superiority in throwing back the crests of waves; but beyond 
this, the increase of stability due to the form, and possibly a slightly great- 
er resistance to bulging in the lower courses there is no practical advan- 
tage to be gained by a curved profile. Such a wall cannot act as an arch, 
having only one abutment ; and it is somewhat more difficult to build, and 
consequently more expensive to construct, than a wall with straight batters. 

The use of concrete for the interior of walls under water pressure is 
indicated because of their excessive thickness, and because of the greater 
density and impermeability of well laid concrete. 

Care should be taken, in settling the proportions of the material for the 
concrete of such works, that the lime shall fully occupy all the interstices 
of the shingie, or sand and metal nsed. 

It would appear that concrete formed of coarse sand or fine gravel would 
be superior in compactness, and prove less porous than if formed of 
coarser material. 

If cement cannot be obtained, at least good hydraulic lime must be 
used for both the mortar and concrete of walls of the above class. 

The masonry in the backs of weirs, and also in the backs of reservoir 
walls for a few feet below and above the level of the water line, usually the 
crest of the waste weir, should be of superior construction, as in these parts 
it may be exposed to the shock of waves and floating bodies. 

The copings of all retaining walls should be formed of good, heavy 
stone laid as headers, and in the case of weirs the crest should be formed of 
large stones, laid with a slope against the stream of about l£ inches to 
the foot, and set, with close joints, in cement; or under certain circum- 
stances dowelled into each other. It will facilitate the discharge of the 
water, and strengthen the work, if the inner edge of the crest be rounded 
off in a semicircular form with a radius of about one-half the breadth of 
the coping. 

Counterforts and Buttresses. — Counterforts act by their weight in 
increasing the stability of walls ; they may be considered to hang on at 

* Through courses of masonry in dams are to be avoided as forming planes along which leaks are 
liable to establish tiftmeelTte; and for this reason, among others, the large French dams—Fnrens 
and Ban— were bnilt of nnconrsed rnbble, the finest stones being reserved for the facing. Also cement 
wsrasedta the fbirodsAIen courses, so as to root as it were the masonry into the •• redan-shaped *• 
hollows left by blasting away the smooth surfaces of the rock. 
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the back, and should therefore be well bonded kito the wall by long 
headers at their line of junction. Provided that this is attended to, the 
masonry of the counterfort itself may be of the most economical character. 

Hoop iron may be used in forming the bond, and of course should be 
introduced chiefly in the upper half of the junction. 

The security of the foundations of counterforts is a matter of secondary 
consequence, as they should be made to depend for support chiefly on 
their cohesion to the wall. 

In order that their weight, and its moment, may act with the greatest 
efiect, counterforts should not receive any batter at their back ; and they 
should be rough, so as to increase the friction of the earth against them as 
much as possible. 

Long thin counterforts are considered to act advantageously by break- 
ing up tbe pressure of the earth, and Lieutenant Hope,* conceived that 
a wall might l>ecome a mere shell exposed to hardly any pressure, if the 
earth were supported by its friction against the sides of long, bat thin, 
and frequent counterforts. 

An extension of this principle is the introduction of relieving arches, 
described further on. 

The use of counterforts is specially indicated for military works, when 
their action will be chiefly useful in limiting the destructive effect of pro- 
jectiles to those pannels of the wall actually struck. 

The following are among some of the practical rules given for the di- 
mensions of counterforts : — 

1. Square in plan ; of a length about half of the mean thickness of 
the wall ; and from 14 to 16 feet apart in the clear. 

2. Volume— one-eighth the mass of the wall ; breadth 2 to 4 feet ; 
height = h — 2 t ; and from 10 to 20 feet apart. 

There is always a saving, although not a very great one, by the intro- 
duction of counterforts, as may be seen by equating the expression for 
the breadth of a counterforted wall with that of an equivalent uniform 
wall, (equations 20 and 31 of Table VI.) 

Believing Arches are those turned on the counterforts, as piers, to 
carry the superincumbent filling, the counterforts being of such length 
that the earth scarcely comes into contact with the back of the wall. 

The wall is thus a mere shell blocking up the faces of the archways. 

• P. P. Corp* of Boyml Bagiatfra, Vol. VII. 

2R 
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The arches may be in one or more tiers, and their length should be so 
Fig. 1. Fig. 2. great that the line of natural 

Section. Back elevation. slope of the earth, touching 

_____ their intrados at the crown, 

should not cut the line of the 
back of the wall above the 
crown of the extrados of the 
next tier (vide Fig. I). 

To compute the length, l> 
of a relieving arch and coun- 
terfort on which it stands; 
being given — the clear height, 
h, of the crown. 

Let d = the depth of the crown of the arch below the surface. 

= the angle of repose of the earth. 
We have,* approximately : — 

< = cote(* +(T - + 4^) 



s 



mn 



and 



h = I tan — 



(1 + sin ey 

Buttresses placed in front of a wall increase its leverage ; and, as the 
whole mass tends to turn over, round the outer angles of the buttresses, 
the intensity of the pressure throughout their mass is very great. 

They should, therefore, be constructed of the very best masonry to enable 
them to resist crushing, and their foundations should be designed so as 
to present the greatest possible incompressibility and resistance. 

The beds of the foundations, as well as of the courses of the masonry, 
should be at right angles to the resultant pressures. 

The form of buttresses in section should be triangular, and their 
junction with the face of the wall should be well secured. 

Buttresses are more economical than counterforts ; but they can be 
used only where there is free space in front of the wall, and where the 
question of land presents no difficulties. 

They may be placed at about the same distance apart as counterforts. 

Land Tibs and Struts have been used to increase artificially the 
stability of retaining walls ; their adoption, however, has been chiefly 

• Rjuikine'g Civil Engineering. 
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forced on the engineer as a supplementary measure by the failure of exis- 
ting structures which have been found insufficiently strong. 

The former act as anchors at the hack of the wall, and consist of iron 
rods, or bolts passing though the wall and attached to the centre of pres- 
sure of plates embedded in the sound earth, and therefore placed well be- 
yond the plane of natural slope. 

The latter act as props, or flying buttresses, leaning against the face of 
the wall. 

When intended entirely to resist the sliding of the wall, land ties should 
be fastened to the wall at one-third its height ; but if the resistance to 
sliding is to be distributed equally between the ties and the foundations, 
they should be placed at two-thirds the height of the wall above its base ;* 
in this position also they will have greater power to resist the over- 
turning forces. 

It appears, therefore, that if the wall shows a tendency to slide at its 
base, we should adopt the lower position ; but, if to lean forward at the 
top, the upper. 

Professor Kankine thus represents the holding power of land ties :— 
Let W, be the weight of a cubic foot of the earth. 
0, the angle of natural slope, or of repose. 
*F, and d, respectively, the depths below the surface of the upper 

and lower edges of the plates. 
R, the holding power per foot in breadth of plate, then 
U _ w * - d* 4ginfl 

and the position of the centre of pressure of the plates, where the tie- 

2 <f* — d* 
rods should be attached, is — # __ jt 't measured from the surface of the 

ground. 

Concluding Remarks. — In reviewing the state of our knowledge re- 
garding earth pressure, we are struck with the small amount of practical 
information possessed on the subject, and for this very reason the Student 
is apt to be bewildered by the maze of theories with which mathematicians 
have surrounded the question. 

It would be a waste of time here to endeavor to lay before the reader 

• RanUne't Ciril Engineering. 
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a resume* of the several theories,* or to attempt an analysis of them in 
the hopes of obtaining a more reliable set of formula than those derived 
from the theory given in these papers. The results here arrived at 
accord closely with those of the best authors, such as Prony, Moseley, 
BanJrine, and may therefore be assumed to be reliable. 

The writer is, however, of opinion from a few practical experiments he 
lias made on the subject, that the theory allows too much and represents 
the overturning force to be greater than naturally exists. It, therefore, 
places us in too favorable a position, yet, as in practice it is impossible to 
obtain the exact conditions of our theory (and if obtained we could not 
hope to maintain them) it will be safer to adopt formulae such as those 
deduced from assumptions which provide several elements of safety than 
to attempt to obtain rules based on more exact investigations, or stricter 
data which would probably fail us in practice. 

Practical men may object to be guided by rules grounded on an inexact 
basis ; nevertheless, calculations founded on a reasonable theory, although 
it be admittedly approximate, are of great practical value, and the ex- 
perienced engineer will prepare more skillful and reliable designs based 
on such, than if he depended merely on empyrical formulae, or rules of 
thumb, backed up by no matter how great practical experience. 

" Practical experience " in most instances means the application of the 
engineer's previous practice, or the adaptation of existing examples, to a 
case in point ; and, so long as no great dissimilarity exists between the con- 
ditions of the examples and its application, the result will be satisfactory. 

But when cases occur out of the beaten track, the merely practical man 
is without a guide, and unless he be able to apply correct principles im 
estimating the effects of changed conditions, his experience is at fault, 
and he may faH into serious mistakes either of defect or excess ; the 
soundest judgment will not carry him through, and he will remain more 
or less at the mercy of chance. 

If, therefore, it be remembered that the circumstances of walls support- 
ing earth are too variable and* uncertain to be embraced in any exact 
mathematical propositions ; and that the deductions of theory must be 
valued, fhe rather for the assistance they afford in arranging and apply- 
ing facts furnished by "-practical experience ;" and if we allow theory and 

• See a Treatise on the Stability of Retaining Walls. By John Murray, C.B.,— first part— for 
an extenrire oollection of such. 
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practice to go hand in hand, we are in a position to design with economy 
and skill on true and sound principles* 

When however a Wall retains water, we are entirely removed from 
the region of speculation, as the laws of fluid pressures are exactly as- 
certained. 

It is to be noted that in the deductions made of the stability of walls 
to resist water pressure, in these papers, the vertical elements of the 
forces acting on the sloping backs of walls have been neglected. The 
effect of this is not of much practical importance in ordinary batters 
compared with the simplicity in the calculations it leads to, while at the 
same time it introduces an element of safety. In walls with vertical 
backs the vertical forces are nil, and the deductions are strictly accurate. 



Appendix to notes on retaining walls. 

L Mathematical proof of the general equation for the horizontal pres- 
sure of a bank of loose earth, viz., P =s W, tan «. (See No* XLVL, 
Vol. L, First Series, page 458). 

In Fig. la, let ABC' represent the mass to be retained on the inclined 
plane BC; it may be supposed to be that which requires the maxi- 
mum horizontal resistance to retain it. The mass is held in equilibrium 
by its weight W„ the horizontal resistance H, and the reaction of the 
plane BC. 

The weight is an active force and calls into existence the two latter 
passive forces, which being to it in the relation of effect to cause will net 
increase beyond the least amount capable of balancing it. 



Fig. la. 




A_*__, 



s= be + df = W, cos i + H sin t. 



Resolving the forces W, 
and H in directions along, 
as well as perpendicular to 
the plane; and remembering 
that they act in opposite 
direction, we have : — 

Force down the plane = 
ge=s W f sin t. 

Force up the plane = 
X/rr Hcos t. 

Forces normal to the plane 
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The tendency to motion down the plane is opposed by the forces up it, 
and by the friction developed by the normal forces. 

The friction = (W, cos t + H sin t) tan 0. Co-efficient of friction 
=r/= tan8. 

Whence, as there is supposed to be equilibrium : — 

W f sin i = H cos i + (W f cos t + H sin t ) tan 

Multiplying both sides by cos ; and arranging : — 

H (cos t cos + sin t sin 0) =s W 2 (sin t cos — cos t sin 0) ; therefore 

H cos (• — 0) = Wa sin (• — 0) ; but (t — 0) = t ; therefore 

H = W,^ = W,tan<. 

Q.E.D. 

II. Geometrical construction to find, in a mass of loose earth , the pos i- 
tion of the plane of maximum pressure, and value of c° and line p' in for- 
mula 2 and 3, in No. XL VI., Vol. L, First Series, page 454. (From 
Mr. Neville's paper in the transactions of the Institute of C. E. in Ireland). 

Let AB (Fig. 2d) be the back of a wall retaining a bank, ABDC, of 
loose earth, AC the surface of the bank, BC the plane of natural slope 
of the earth. 

Draw BE parallel to AC, and OP at right angles to the natural 
pig 2a. B * P e BC cutting the wall AB 

produced, if necessary. On 
OP describe a semicircle OHP, 
and with P as centre and PH 
radius, describe an arc cutting 
OP in I, through I draw BC, 
and from where it cuts AC let 
fall on BC, the natural slope, 
a perpendicular C'y. 

BC is the plane of maximum 
pressure, CBC is «, C y is <f 
and the triangle ABC' and BC'y are equal. 

III. To find the centre of gravity of a trapezoid (Fig. 3a). 

The vertical height of the centre of gravity of a trapezoidal wall over 

the Use = GCK - J (l - £=£) ~j . (^> 

Or by construction, thus : — 
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Let ABCD be the quadrilateral (not necessarily a trapezoid) 

_ . „ Draw two diagonals, bisect 

Fig. 3a. _ _ . t 

one, DB in I. 

Make AE = GF. Join 

I and E. 

The centre of gravity is 

at jun 

Or, in trapezoid, bisect 
CB in P and AD in O', and 
join the points of bisection. 
Centre of gravity will be 
at intersection of IE and 
OT. 

IV. To find the leverage of the weight of a triangular wall round 
the outer- corner, C, of the base. Figs. 4a, 5a, 6a, 7a. 

From the centre of gravity G of the triangle let fall the vertical GG' 
and bisect the base in O. The leverage is 

CG' = CO ± OG' = | ± OG', (a). 

the positive or negative sign being used according as the points C and G' 
are on opposite sides or the same side of the centre of the base. 
Let fall the vertical AO', join AO 



Fig. 4a. 



r 


~ rh "% 


1 
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OG'O' B 



4 a? *- *- 




then OG' : 
OG':£ 



GG' : : 00' 
: : OO' : h 



AO 



/. OG' = ^ 

Bnt 00', is the algebraic dif- 
ference between half the base 
and the batter, therefore the 
following cases occur : — 

Case L When the face 
batter, rh, is given as in Figs. 
4a and 5a, 



00' = rh — %, ior positive values of OG', 
OO' = j — rh, for negative values of OG' 



Digitized by VjOOQ IC 



156 



NOTES ON RETAINING WALLS. 



.\ b formula (a) + 0» = + (£ - £), and - 0(* = ~ $ ~ *) 
either of which expressions when removed from the brackets becomes 



rh 
8 



* 
6 



... co = f + £ - £ = •-+* (»). 

Case II. When the focfc batter, r'A, is given, as in Fig*. 6a and la. 

Jfig. 6a. Fig. 7a. 6& = f - ^ for posi- 

tire values of OG', 

OC?=/A ~ i for ne- 
gative values of OG', 
.% in formula (a) + OG 

= +(£-?)«*- 

either of which expressions 





c o F G'O 



removed from brackets becomes § — -^-, and 



5"' 

r'A 2* 






(c). 



If go; be the distance from of the point round which the leverage is 
sought, and if q*x = OG' be the distance from of the vertical through 
the centre of gravity of the wall, the leverage is (q ±. q') x, therefore, 

rh 



Case I. (q ±^) « = (q - £) * + 



r'A 



CaseIL(*:fc*0* = (s + *)*-ir 



.(d). 
..•(e). 



Plumb faced and {dumb backed walls are instances of Cases I. and II. 
respectively when rA, or r'h =s o, and j^ sa £. 

V. To find the leverage of the weight of a Trapezoidal wall round the 
outer angle C of base Figs. 6a, 9a, 10a, Ha. 
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Let OG' be the distance of the vertical through the centre of gravity from 




base, then the leverage is 

CG' = CO ± OG' = | ± OG', 
Fig. 10a. Fig. 11a. 



the centre of the 
base, and let * be the 
breadth of base; t 
the breadth at top. 

Bisect base and 
top in O and P, join 
O and P, the line 
OP willpass through 
O the centre of gra- 
vity of the trape- 
zoid. 

Let fall verticals 
PO' and GG' on the 





•(/). 



Also OG' : QQ f : : 
00' : h, but GG' 

8 x + t ; 
therefore, 

OG' = 00' l* + U 
8(* + 

But 6&< is the 

algebraic difference 

between the half 

breadth of base and 

the sum of the bat- 



ter and the half breadth of top, therefore the following cases occur: 

Caae L Where the face batter is given as in Figs. 8a and 9a. 
(XV = rh + j — i for positive values of OG' 

05' = j — (rk + -) for negative values of OG' 

.-. in formula </), + OG' = + (£ + | - |) (^^) and 

- Off .-G -$-})(%£!) 
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either of which expressions removed from brackets becomes 

(rh , t _ *\ / * + 2t \ 

U r 6 6/ \* + t ) 

. CW — f* 4- I* O. 1 — f \ « + 2 * — / » + »* , A «-f2f 

Case II. When the £ac£ batter is given as in Figs. 10a and 11a. 
00' = | - (rh + |) for positive values of OG' 

= r'h + - — | for negative values of OG' 



r*h t\ * + 2t 



.-. in formal. («) + OG' = + (f - 2 _ §) V£ 



and 



i+2f 



- OG' = - (^ + i - -) 

either of which expressions out of brackets becomes ( f ~ -o — g") g . f 

• Pa/ — /* J. * ^ M *+2* _ / 2jr-r'& /xa? + 2g 

" ^ "" V2 "*" 6 ~" 1 6/ "T+l ~ V 8 6/ * + t 

If g and 9' be taken to represent values as in the case of the triangle 
the leverage = (q ± q') x 9 therefore, 

Case L (, ± rf. «««+(? + f - f) T^p 

Case II. (3 ± q') x = g» + (| - ^ - g-) ^~. 

Plumb faced and plumb backed walls are respectively instances of the 
above cases, when rh and r'h =: 0. 
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Table of Earth Pressure against one foot in length of sloping and verti- 
cal backed walls for following cases : — 

1. When the surface of the loose earth is horizontal, and level with the 
top of the wall Fig. 14 (No. XLVL, Vol. L, First Series, page 457) calcu- 

__ sin* f 

lated by Formula (9a). Horizontal pressure = P = WA' X 8ln » rg + g) 

2. When the surface slopes up from the top of the wall at the angle 
of repose Fig. 12 (No. XLVL, Vol. L, First Series, page 456) calculated 

by formula (7). Horizontal pressure = P = Wh* X 2 ^A . 



l. Surface of Bank Horizontal. 



2- Surface of Bank Sloping up at 
angle of repose. 



Slope of Back of Wall. 



Slope of Beck of Well. 



Over-hanging. 



Plumb 



14° 

or 

lin4 



10° 

or 

lin6 



27 
28 
29 
30 
31 
32 
33 
34 
35 



43 
44 
45 
46 
48 



•289 
•280 
•270 
•261 
•252 
•248 
.250 
•226 
•218 



36 a 210 

37 

38 '196 

39 '189 

40 182 

41 '176 

42 169 
168 
•166 
•150 
145 
184 



•252 
•224 

286 
•228 
•220 
•213 
•204 
•197 

190 
•188 

174 
•170 



•167 
•151 



124 
113 



or 

linlS 



•218 
•212 
•204 
•194 
•190 
•188 
•176 
•169 
•161 
•166 
•149 
•144 



164 -189 



•182 
•127 



146 -123 
•189 -117 
•135 -110 
•129| -107 
•108 
•092 



or 
linl2 



•188 
•180 
•173 
•167 
•160 
•153 
•147 
•141 
•135 
•180 
•124 
•119 
•114 
•108 
•104 
•099 
•094 
•090 
•085 
•081 
•093 



Reclining. 
/3° = 



•166 
•157 
•160 
•145 
•188 
•182 



126 -106 092 



•122 
•116 
•110 
105 
•101 
•095 
•091 
'086 
•082 
•078 



•069 
•066 
•059 



10° 

or 

lln4 



14o 

or 

1 in 



141 
183 
129 
124 
•117 
•111 



•101 
095 



•087 
088 
077 
074 
069 
066 
062 



•078 -057 



054 
051 
•045 



Over-hanging. 

14° 10° 1 fi° 
or or 
4|lin41in6 1 in IS 



Plumb 
|0° = 



-125 
•120 
•114 
•108 
•108 
•097 



•087 
•082 



•090 -078 



073 
069 
•065 
•061 
058 
054 
•051 
•047 
044 
•041 



•504 
•499 
•495 
•490 
•485 
•480 
•474 
•468 
•462 
•456 
•449 
•438 
436 
•428 
•421 
•418 
•405 
•898 
•890 
•881 
364 



Reclining. 
/3° = 



or 
linlJ 



10° I 14° 

or I or 

1 in ell In 4 



•471 
•466 
•461 
•455 
•449 
•443 
•437 
•430 
•423 
•416 
•409 
•402 
•394 
•387 
•379 
'371 
•863 
'354 
•846 
•837 
•320 



•287 
•270 



•433 

•427 

•421 

•414 

•407 

•400 

•393 

•386 

•378 

•370 

•862 

•365 

•371 

•839 

•880 

•821 

•313 

•304 '259 

•296| *260 
•241 
•224 



•397 
•389 
•383 
•876 
•867 
•359 
•851 
•843 
•885 
•827 
•819 
•810 
•802 
•293 
•284 
•276 
•267 



•862 
•855 
•871 
•339 
-330 
•821 
•818 
•804 
•296 
•287 
•278 
•270 
•261 
•252 
•243 
•234 
•226 
•217 
.208 



•183 



•329 
•320 
•811 
303 
•294 
-285 
•276 
•267 
253 
249 
240 
•231 
•222 
•213 
•205 
•195 
187 
•178 
170 



•200 162 



•145 



•302 
293 
•284 
•275 
•265 
•256 
•247 
•240 
•228 
•219 
•210 
•201 
192 
183 
174 
•166 
•167 
152 
141 
180 
117 



Rule* and Examples. To find the horizontal preasnre (acting at £ the 
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height) against a retaining wall. Multiply the weight of a cubic foot of 
the earth by square of the height of the wall, and by the tabular co-effi- 
cient for the proper inclination of the surface, angle of repose of the 
earth, and batter of back of wall. 

Example 1 . Horizontal pressure of a bank of earth with horizontal 
surface against a wall 10 feet high ; weight of cubic foot earth = 100 
lbs ; angle of repose 40°. 

(a). When back is vertical, P = Wh' X co-efficient = 100 X 108 
= 1,080 lbs. 

(£)• When back overhangs 10°, that is to say, batters out towards the 
face 1 in 6 ; P = Wh* X co-efficient = 10,000 X *157 = 1,570 lbs. 

(c). When back reclines 10°, that is to say batters in towards the 
earth 1 in 6 ; P = WA» x cost = 10,000 X '074 = 740. 

Example 2. Horizontal pressure of a bank of earth, surface sloping up 
at angle of repose. Bank of wall overhanging. 

W = 100, h = 10, 0° = 40°, 0° = 10° .% P = WA 1 x co-efficient 
=. 100 X 10* X -387 = 2,870 lbs. 

J. H. E. H. 
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No. XVIII, 

MASONRY IN A TRAP COUNTRY. 
[Vide Plato XII]. 



By Horace Bell, Esq., Engineer, Public Porks Department, \H 
Division, Indore (State) Railway* 



It is not, perhaps, generally known, that the greater portion of Central 
and Western India is covered by an immense overflow of trap, so exten* 
give, indeed, as to embrace an area of something like 160,000 square miles 
(about the size of France). The limits of this overflow are approximately 
shown on the accompanying map. About £ths of the entire scheme of 
railways under the Great Indian Peninsula Railway Company lies within 
this tract, on which an expenditure of probably not less than £18,000,000 
sterling has been incurred ; and two of the new narrow gauge State lines, 
the Indore Railway, and part of the Chanda Coal Line, will also be con- 
structed within it, and will cost, perhaps, another \\ million of money. It 
will be borne in mind, also, that within the last 10 or 15 years very large 
sums of money have been spent on roads and buildings by the Public Works 
Department in the Bombay Presidency, and in the Central Provinces and 
the Berars. I cannot think, therefore, that it will be uninteresting to 
give a brief sketch of the experience I have myself had, and of that of 
others, I have been able to collect, on the important subject of masonry in 
a trap or basalt country, and, if possible, endeavour to afford some guide for 
those whose duties may carry them into this part of India. 
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The trap country is, as may be supposed, totally unlike the great Gange- 
tic plains of Upper India. It is very markedly undulating, is intersected 
by low ranges of hills, often curiously scarped, and (from the slow disinte- 
gration of the rock,) has but a thin poor soil, except along the edges of 
streams. The watersheds are mostly bare, and covered with thin scrub or 
stunted jungle of" salai," "unjun," and pollard teak. Little difficulty occurs 
in assigning the limits of any catchment basin. The general steep slope of 
the country, the non-absorbent nature of the drainage basins, and occasional 
enormously heavy local rain- falls, produce sudden floods cumbered with 
driftwood from the upland jangles, which give many of the streams 
and rivers quite the character of torrents in the monsoon. It is, 
therefore, comforting to know, that it is but rarely that there is anxiety 
on the score of foundations. Either hard "moorum" or rock is found ait 
small depth below, or in the exposed bed of every stream, and it needs 
but good honest masonry to ensure success in bridge building in this 
part of India. 

It would be difficult to give any general description of the appearance of 
trap. It includes a great variety of different looking and differently va- 
luable rocks of all colors and degrees of hardness. One may see yellow 
trap (Coorla, Bombay,) blue, red, pink, green, gray and spotted (amygda- 
loid,) but I need not say that color is no guide to the engineer in select- 
ing a stone. Neither, indeed, is locality, for one ridge within a square 
mile may yield a stone which will disintegrate almost literally into mud in 
the first monsoon, while another ridge close by may afford a stone such as 
I have seen in some old temples on which the tool marks are clearly seen 
after being built about 1200 years. In effect, the selection of stone for a 
work of any permanence, or, that more particularly has to carry a heavy 
load, is one of the most responsible duties of the engineer in a trap country. 
Generally, the "hardest stone may be assumed to be the most durable, 
though this is not always the case, as for instance basalt which has a 
columnar structure, may come out of a quarry seemingly hard enough for 
any work, but which will be in fragments in perhaps a few months after 
exposure. The prominent feature in trap or basalt is its hardness, and 
what may be called intractability, and it is this that, making it so cruelly 
difficult and expensive to work, tempts both contractor and engineer to 
seek a soft and frequently unreliable stone. With but few exceptions, I 
have noticed, that the cellular and amygdaloidal traps are the most 
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liable to disintegration, so also are those that have a rusty gray color* 
on fracture. The best, I should consider, to be the blueish green basalt, 
which is very hard and heavy, having a speci6c gravity abont 3*00, and 
which rings like a metal on being struck. But, as I have before said, 
there is no reliable guide in color or appearance, and the only safe test is 
the old one of finding out old buildings and quarry faces. Failing these, 
which may not be always found, one must trust to the experience of others, 
or to chance to settle the matter. I may here quote a sentence from 
Philip's Guide to Geology ; he says, " The chemical composition of lava 
is generally such as to give origin to abundance of glassy felspar, or of 
augite with felspar. * * * Basalt is an augitic lava, generally consist- 
ing of about 46 silica, 165 alumina, 9 lime, 20 oxide of iron, and 3 or 
4 soda. Trachyte is a felspathic rock. Between trachyte and basalt are 
innumerable varieties depending on the proportions of augite and felspar, 
and on the admixture of Olivine, oxide of iron, hornblende, quartz, and 
many other minerals." It would be useless here to give the names and 
characters of the very numerous rocks which we may include under the 
term, trap. It is sufficient for us to recognise the fact of the great num- 
ber of different materials to be found in the trap area, and to be wary 
in using any one that has not established a character already for durabi- 
lity. 

Like ail Plutonic rocks, traps, while more or less hard and crystalline, 
are yet brittle enough to be shaped roughly, without much labor with the 
scabbling hammer, but the sides or beds of a stone cannot be worked flat 
or true without using the pick or punch. The result of working a stone 
with the hammer is to produce a shape 
(like the sketch on margin), of a very 
rough square or oblong, with rounded 
beds and faces, and it is clearly not possible 
to make either neat or strong work with 
such a stone. Flat or parallel bedded 
rubble so often and so easily specified by 

engineers, can but rarely be got in a trap country, and must mean either top 
layers of stone, probably that of a thin afterflow, and scarcely reliable, or 
that the stone has been gone over with a tool, either a pick, which, by the 

• From oxide of iron. 
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way, natives have not yet got to use, or the punch (a narrow blunt chisel). 
The scabblinghammer in use by the native masons, Side view of Sootkee. 
is a peculiar but most effective tool. It is no- 
thing more than a block of iron into which a small 
steel wedge is jammed (see sketch,) and is made 
of various weights according to the size of stone 
to be manipulated. It is called a " sootkee," the lightest is generally about 
two or three pounds, and the heaviest, for dressing oft heavy block in course 
stones, weighs from 50 to 60 pounds, and is, of course used with End view. 
both hands. With this tool the "beldars" and "wuddas" 
produce what they call "kankee," and "eyeron puthar" or 
"broad seal" and "dog nose" stone with a dangerous facility. 



HJ 



It is a stone with a fair square or oblong face, tailing off behind 
on bed and sides to something like a point, {see the sketch on margin.) 
This stone is the result of the difficulty before alluded to, of getting a trap 
stone naturally, or flatbtdded with the hammer only. This difficulty is 
got rid off simply enough by the native, by sacrificing everything but 
the face. He selects the best face on a stone, and proceeds to knock 
away from it with the " sootkee " as much as he can without destroying 
the actual length of the stone. He has then a tolerably thin edge oh 
the face, which is easily dressed square and true with the same tool. It 
has then a neat enough appearance on the face, and may be taken by the 
unexperienced eye to be coursed rubble. It is clearly utterly worthless, 
the true bed of the stone is but a knife edge, and the real bed is a lot of 
chips and spalls, set perhaps, in doubtful mortar. 

This is the shape of stone commonly in use for native buildings, and in 
any large town they are regularly kept 
on stock, and sold as " beldar's stone." 
If put into walling, the work consists 
of two faces, and a core of chips. Bond 
stones or through headers being diffi- 
cult to get, except by regular and sys- 
tematic quarrying, are seldom used, 
and the masonry is held together entirely by the mortar. It is work of 
this class, or closely approaching it, that has been, and indeed is still 
allowed all over this part of India by English Engineers, who should 
know better. Nothing in the shape of masonry can be possibly worse ; 

2 S 



" Bread-seal " stone. 
Front view. 




Digitized by VjOOQ IC 




166 MASONRY IN A TRAP COUNTRY. 

good random rabble fairly bonded would be infinitely better, and almost 
if not quite, as neat looking when tuck-pointed. „., 

But when, as is the case, this "bread seal" work can 
be done for nearly the same money, and have the 
" appearance of coursed rubble on the face, 11 the 
temptation appears too strong to be easily resisted. 
It was only the other day that I saw this very class 
of work being put into one of the new public build- 
ings in Bombay. The work was mere face, the in- 
side and backing being simply rubbish. If, however, this " bread seal " 
work had been permitted in walling only, or in unimportant work gener- 
ally, much harm would not have been done, but on account of its cheap- 
ness and good looks, its use has crept on till the u eyeron puthar " or some- 
thing very much like it, came to be put into the piers of lofty viaducts, 
and even into the arches of railway bridges. I have seen arching pulled 
down on the G. I. P. Railway, in which the summering or radiation of the 
arch stones of the sheeting was almost entirely produced by spalls and 
mortar, and, in fact, the result of this in some bridges, the arch stones 
actually dropped out at and near the crown. There are, I believe, very 
many road bridges in the Bombay Presidency, in which the arches have 
been designedly constructed of " bread 
seal " stones, put in as in the marginal 
sketch, with the face alternately inside 
and out. This may do fairly well no 
doubt for road work, where the loads 
and vibration are trivial, but where the 
stones are not reversed, and are simply 
put in as in my sketch of walling, it 
would have been better to have turned the arch at once in honest concrete. 

It is quite a marvel how such work has stood so long on the railway, 
where, owing to the settlement of banks, the rail level had got down within 
two feet of the crown of the arch. 

In the original specification of the G. I. P. Railway, this class of work, 
although not actually specified, is very nearly so, and has been permitted, 
at all events, to an extent which involves reconstruction, that will cost a 
million sterling, and that would have nearly ruined a company that was 
not deriving its dividend snugly from Government. Under the head of 
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" coursed rabble " in this specification, it is laid down that " they, the 
stones, " must be strongly bonded into the rabble backing, bat the beds 
and joints of the stones need not be worked more than is necessary to 
give the " appearance of coursed work on the face " of all beds and joints* 
The italics are mine. Conld anything be nearer the description of " bread 
seal " work, or be more neatly expressed towards giving a rascally contrac- 
tor or a weak engineer a loophole for doing or allowing bad work. If coursed 
work means anything, it does not mean that the true bed of each stone 
should be merely a knife-edge resting elsewhere than on spalls and mortar. 

In short, the gigantic failure of masonry work on the G. I. P. Railway 
is a most instructive lesson, one that it would hardly have been thought 
necessary for trained engineers to have to learn, but the longer one lives, it 
becomes more obvious, how difficult it is to see or combat an error, that in 
remedying affects somebody's pocket. It was, I think, Brunei who held 
that we learnt more by failures than success, and who almost appeared to 
court disaster in his bold experimental works. But when, as in this case 
of the railway, the bill for reconstruction will amount to something near a 
million sterling, it is more than a mere lesson, it is a solemn warning that 
no Government however " financially elastic " or that any Engineer how- 
ever economically inclined can afford to disregard. 

It was in 1867 that the sudden colapse of the great Mhow-ke-Mullee 
viaduct on the Bhore Ghat, drew the attention of the Government, and 
Railway Engineers to the idea of the probability of something being pos- 
sibly very generally wrong in the masonry on the G. I» P. Railway 
and a close and rigorous inspection which was then instituted, showed 
many other equally important, and hundreds of minor masonry works 
to be in a doubtful, if not dangerous condition. At the end of the year the 
Directors sent out their Consulting Engineer, Mr. George Berkeley, to re- 
port on the causes of failure, and to suggest such remedial measures as 
would " place all existing works on the line on a footing of permanent 
durability equal to a first class European Railway." His report appeared 
in due course, and a most instructive and indeed valuable contribution, 
particularly as regards basalt masonry, to our Indian engineering litera- 
ture, It might with advantage have been more extensively circulated. He 
says, referring to the general character of the masonry that. " It is un- 
fortunate (a mild term) that this class of work should have been applied 
to these structures, but this has evidently arisen from anxiety to secure 



Digitized by VjOOQ IC 



168 MA80NRY IN A TRAP COUNTRY. 

the economy and rapidity of construction so much desired 'by both the 
railway authorities and the Government, and from a belief in its sufficiency 
based upon the substantial character (query, apparently substantial ?) of 
large native buildings which have existed for centuries" * * * *, to 
which he might have added " but which have not had to carry the heavy 
vibrating loads which railway masonry is constantly subject to." He says 
however, further on very truly. " It was in the highest degree difficult to 
alter in any large measure the confirmed habits of native masons, " and 
that " almost insuperable difficulties presented themselves on some por- 
tions of the line in the way of procuring stone or bricks of a perfectly 
reliable quality." The various causes of failure put forward by Mr. 
Berkeley may be briefly stated as follows: — 

Inferior stone which has weathered and cracked. 

Bad mortar due to several causes. 

Insufficiency of water used in the works. 

Paucity of headers, or bond in the work. 

Having two classes of masonry in the thickness of a pier or abut* 
ment such as blocking on face, and a rubble hearting, whereby 
in lofty work especially in that carried up or diminished by 
"set offs" instead of batter, the load on top rested practically 
on the hearting only. 

Level of rails in arched bridges being too close to crown of arch. 

Desire for economy having led to the reduction of dimensions to 
an unsafe minimum. 

Want of dry filling at back of abutments. 

Absence of bed blocks or timber imposts to deaden vibration or 
distribute load on girder bridges. 

And last, though not least, bad or careless foundations. 
The bad stone, bad mortar, want of bond stones, or use of small stone 
generally are causes of failure that may be put down as being certainly 
peculiar to masonry in a trap country, but there is another cause not 
noticed by Mr. Berkeley which in my opinion is still more so, and greatly 
more widespread although more obscure in its effects. It is that basalt 
being practically a non-absorbent stone, the mortar if not persistently 
moistened dries and " dies " before it has time to set, while on the other 
hand if built quickly into the interior of basalt work, it remains moist 
and unset for a very much longer time than is generally given before the 
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work ran over. I giro here a small table of some experiments I made 
to determine the absorption of some kinds of trap rock compared with 
other well known materials. 

Table of experiments on absorption of some kinds of trap and basalt 
compared with other material :— 



Kind of Stone. 



rt 



Actual absorption of 
water after having 
immer8ed in grains. 



1 hoar. 



3 boon. 



Relative amount 
of water absorb- 
ed after. 



1 hour. 3 hours. 



Green black basalt (Khundwa) 
very hard, ,.. 

Light grey, ditto. ditto, 

Yellow trap Coorla, Bombay, 

Red Amygdaloid Pokurnee, G. 
L P. .Railway, . . 

Piece of fair red brick made at 
Khundwa, 

Piece of Stock brick, English, 

Piece of neat Portland cement 
mortar, • . • • 



2898 


10 


1557 


11 


706 


80 


1386 


99 


1851 


244 


453 


49 


688 


122 



No increase. 


vitf 


14» 


t4* 


No increase. 


A 


do. 


tV 


do. 


i 


73* 


i 


146» 


* 



T*l 



• No further Increase. 

It will be seen that the absorption is so small as to be practically nil. 
The conclusion I arrive at is that as basalt (trap) can neither take up air 
or water in sufficient quantity, that is, can neither take up the excess of 
moisture in the mortar or convey to it the air from which it must derive 
(ts quantum of carbonic acid, it is not really safe to construct works 
in this material requiring to be strong, and soon strong, unless with 
really good hydraulic lime or cement, which will contain in itself 
the ability to set even in water. To build in basalt with common lime 
is I consider (without a care which is impossible or impracticable), no 
better than building with good clay. As a fact I have known mortar to be 
taken out of thick basalt work built for 6 or 7 years, which was still com- 
paratively soft and moist, and which set and gradually hardened after it 
was taken out. It may not be superfluous here to remind readers of what 
is very often overlooked, that there is a great difference between mortar 
merely setting and its ultimate hardening and it is not until it hardens that 
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it becomes so valuable an auxiliary in masonry. Mortar may be of a 
nature, or in a position where it will just set, but may either, we may say, 
never harden or only after so many years as to be partially either value- 
less or even dangerous as a cementing agent. Again it is to be remem- 
bered that for mortar setting and hardening properly requires pressure or 
superincumbent weight, and that in nibble or in bad masonry, the weight 
rests mostly on chips and spales and that perhaps only 30 or 40 per cent 
ot the cementing material is really loaded, the rest being merely in contact 
(or partially so) with both adjacent stones. In good coursed rubble or 
block in course work, the mortar in both beds and joints gets a fair pressure 
on it, and correspondingly attains a much greater tenacity or strength than 
if merely loosely in contact with a stone, as it is in rough rubble or 
quasi coursed rubble masonry. 

Another cause of failure which has more than once occurred to me is 
that the hard glassy not porous surface of basalt permits of but a very 
slight hold on the mortar in contact with it, that in fact it is not unlike 
building with blocks of cast-iron, so that in rough or rubble like work in 
which the bedding and bonding of the stones is not so much looked to as 
the general solidity of the mass due to the mortar, we should not expect 
the same strength or tenacity of work as we should in similar work of 
sandstone, limestone or rough granite.* In fact if the expense is pro* 
hibitive of regular coursed work in which each stone is fairly bedded and 
bonded with the others adjacent, lam not sure if it would not be better to 
ignore the stone as a source of strength, and use it merely as a filling ; in 
smaller size with really good mortar as a concrete, taking care to have 
such an excess of cementing material or matrix as to avoid the probability 
of such a heavy stone working down, and separating from the mortar 
in the ramming. I found from actual experiment that the voids in 
broken basalt from f " to 2* cubes were as 6 to 7 of the actual volume 
of the broken stone indicating that the proportion of mortar or matrix 
to stone should not be less than 1 to 1. 

I made up a concrete for experiment of the following proportions, 

3 parts lime dry. 

4 parts sand. 

1 part soorkee. 

8 parts broken stone 2" cubes. 

* Since writing this, a friend informs mo that he has heard the same opinion from native 
masons, yir., that mortar has very little cohesion to basalt; 
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and tried it for ramming into boxes or mould*, but found that this propor- 
tion contained a great deal too much stone for this purpose, that is, for 
making good clean shaped blocks, although it would have done very well 
for foundations. 

Mr. Berkeley's allusion to, and condemnation of the bad mortar he saw, 
hits on, as regards a trap country, a more difficult matter to deal with 
than he is perhaps aware of, for the only lime obtainable is from a poor 
sandy kunkur or from equally dirty semi-limestone, both in small irregu- 
lar deposits.. It is, I know, too generally supposed, particularly by those 
whose experience is mainly derived from Upper India, that kunkur lime 
is all good if not hydraulic. That this is quite wrong as respects kunkur 
in a trap country, I have no doubt. I have in fact burnt a material that 
looked in every way a true kunkur, but which when slaked (which it did 
very slowly indeed), turned out to be very little better than a sandy mud. 
Another reason for bad lime, and a result of the radical error of buying 
slaked lime from contractors instead of lime " in shell," is that in a trap 
eountry the lime deposits are frequently accompanied by deposits in 
pot-holes of a white chalky earth " kullee muttee" which the native con- 
tractor quite nalurally freely mixes with the slaked lime, in about equal 
proportions with wood or cowdung ash. But it is not only in this part of 
India that lime is bad. It is I conceive a very wide-spread evil in our 
public works in this country, and unless more attention is paid to it than 
is now done, we shall not escape the ever recurring failures which both on 
railway and Government works, have detracted so much from the good repu- 
tation our Engineers have earned on the whole in this great empire. We 
are too ready to buy lime from any man, because it looks like lime, or to 
burn any kunkur or limestone because it looks like the " proper thing." We 
forget too soon after coming out here what care and expense is taken at 
home, even on the most ordinary works, to ensure at all events (whatever 
its after treatment may be), that the lime shall come from well known 
localities or from manufacturers of experience and repute. With all our 
new roads, railways and canals, we are not even yet advanced enough to 
see the importance of what I may call lime centres, that is places where it 
is known that good lime can be, and will be made. We have positively 
nothing of the kind, save the expensive resource of English Portland 
cement. It is true that hereand there are found good kunkur deposits, 
or a good limestone which can produce a good lime, but not only 
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do the quality of deposits even in one bed vary, but the treatment of them 
at the kiln also as we all know. I certainly look forward to the time 
when whether by private speculation or by direct Government agency, 
certain good lime centres will be established in each Province, where 
reliable lime and perhaps hydraulic cement will be always obtainable, and 
from which every Engineer shall be required to get his lime for any work 
of importance or permanence. The system at present of digging a hole any- 
where for lime and burning it or allowing it to be burnt without selection, 
and with but small attention, is one of the very worst and crudest evils in 
our public works in India, and although the plan I urge is apparently 
more expensive at first, it is more than probable that it would repay 
itself in the end if not in actual saving of demolition, in the obviating 
the great inconvenience to the public service of the frequent repairs and 
ejections on their account. 

Another feature of this bad mortar business is that our masonry is 
put together by men who either cannot or will not see the importance, let 
alone the propriety, (I can find no better words,) of doing honest strong 
work for its own sake. So long as they can " put a good face on it " 
they are satisfied; bond, bed, and strength are requirements of the 
" sahib " which they either do not believe in, or are too lazy to carry out. 
We must, therefore, depend more out here on our lime (for we cannot 
afford an inspector to each masonry work) than need be done at home, 
where we feel more or less certain that the masons will either from habit 
or proper workmanlike feeling use such material as is given them to the 
best advantage. I am not here intending to uphold any particular excess 
of virtue in the English petty contractor at home or out here, for I have 
seen empty cement barrels taken out of a bridge abutment at home, but 
which were nevertheless surrounded by unimpeachable brickwork. The 
mason here did his part well enough. He was provided with fair bricks and 
mortar, and some empty barrels, and did his best with the material provided* 

However to return to our mortar in a trap country, the lime is as I say 
poor stuff as a rule, and the sand is not much better at least to look at, 
though from some experiments I have lately made to compare its value 
with clean sharp, rather too fine, silicious stuff, I found that if anything it 
gave a better result than the latter. 

I am inclined to believe notwithstanding that if the mortars had 
been subjected to pressure aa in ordinary masonry, that the basalt sand 
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would not have come out so well. This however^is a mere surmise, which 
I hope to be able to verify some day. The sand obtainable in a trap 
country is as unlike ones conception of such a material as can well be. 
It consists of almost entirely rounded particles of trap, and a small pro- 
portion of flint nodules, made up " du reste" with stuff that would rapidly 
become dirt or mud. 

In concluding this sketch let me offer a few words of warning as to 
masonry in a trap country, or indeed in India generally. It is firstly to 
bear in mind that in building in any material, either in brick or stone, 
the native looks more to face than strength, and trusts to the mortar. 
In brickwork, which is perhaps a more common material in India than 
stone, the bonding of the work is easily done, and without extra 
labor, but in stone work, bond means lifting, dressing, and setting 
a large stone, and this the native mason will shirk if he can. He 
has no pride in the stability of his work, and has to be made to do 
strong work. This cannot of course be obtained without ceaseless in- 
spection and patience. Secondly — Because of the above described difficulty 
in getting honest work, to be assured and satisfied that the lime is good, 
and the sand clean, and sharp if possible. It may be dearer apparently to 
burn lime ' departmentally ' as it is termed, than to buy it, but there is no 
real saving in buying lime from a contractor. It should be manufactured 
under thorough and intelligent supervision, and be assured that the trif- 
ling extra cost^will well repay itself. Thirdly, and lastly ; be sure that your 
rate for the work specified is sufficient. There is no greater evil to my 
mind in the Public Works Department, than what I may call theoretical 
raits : rates which were apparently worked to in some former estimate 
or other part of the country, and which are now forced on you to adhere 
to. There has been more " bad nam " and loss to Government from the 
radical cause of working or trying to work to impossible rates than any 
other. 

H. B. 
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No. XIX. 
LIGHT-HOUSES ON THE COAST OF BRITISH BURMA. 

[Vide Plates XII., XIV., XV.] 



Note by Colonel A. Fraser, C.B., R.E. 



Dated 22nd September, 1869. 
The lights on the China Buckeer and Eastern Grove are reported to 
have been lighted on the 14th September, 1869. That on the Khrishna 
Shoal was lighted on the 11th Juue, 1869, but has never till now, to my 
knowledge, been advertised. 

There only remains the light-house on the Oyster Reef to complete 
the system of lighting the coast of British Burma which I conceived to 
be the proper one, and which commenced with the erection of the light- 
house on the Alguada Reef. 

I believe all evidence tends to show that the system, which is now 
completed, (with the exception of the one light-house on the Oyster 
Reef,) has been successful, that no one can say fairly that any light is 
either in itself inferior to any in the whole world of a like order, that it is 
not in a proper position, or that the buildings were not built as econo- 
mically as the circumstances permitted. 

Six Light-houses; viz., 

1. The Alguada — Stone. 

2. The Double Island — Stone. 

3. The Coco8 — Plate iron. 

4. The Khrishna Shoal — On screw piles. 

5. The China Buckeer— Do. 

6. The Eastern Grove— Do. 

have been erected on this coast under my personal direction. A seventh 
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that on the Oyster Beef, is now being designed, and the eighth, the 
" Savage" off Akyab, is being remodelled on my suggestion.* 

Since December 1859, I have persistently advised the carrying out of 
this system, and the Government of India have invariably supported me. 

I believe there are few (if any) Engineers, who have had such a fortu- 
nate opportunity as myself of carrying out so much of a general plan of 
works which have hitherto so notoriously required years and years before 
any scheme could be brought to a head, and which may be said to embrace 
almost all the East side of the Bay of Bengal, and to protect the Calcutta 
and China trade from the dangers of the islands North of the Andamans. 

The time (10 years) within which these operations have been carried 
out may be considered short, especially when the magnitude of the work 
on the Algnada Reef is considered. There are also few Engineers who . 
have received such a graceful recognition of their services as was accorded 
to me by the Governor General (Proceedings in the P. W. D., No. 588c, 
dated 12th June, 1865) on the -completion of that light-house. 

Carrying out the general scheme has been a work of much anxiety and 
responsibility, and I only trust that the relief to the mariner will be, to 
some extent, proportionate. 

As the question of stone or iron light-houses has created some interest, 
1 would here glance at the circumstances and conditions under which the 
several buildings above enumerated were erected. 

The light-house at Akyab is of stone, and was completed in the year 
1844. It is not known here what its cost was. It was built by Lieutenant 
Siddons, B.E. 

The next in succession was the light-house on the Alguada Reef, and 
it would be difficult to know the precise amount of its cost. Some of the 
Government steamers and vessels employed were charged to it, and some 
were not, while those that were charged to it were also employed on the 
erection of the Cocos and the Double Island light-houses. The cost could 
not have been much under £100,000, and it was commenced in February 
1861 and completed in April 1865, so that it took nearly five years to build 
besides two years of preparation, which, considering the circumstances of 
its construction, the comparative difficulty of procuring proper labor, and 
the distance it was necessary to go to obtain materials, does not however 
compare unfavorably with other large light-houses of similar type, such 

• Since completed. 
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as the Skerry Vohr and the Bell Rock. It was a large sum to expend 
nevertheless, and with the experience gained, there is no doubt, it might 
now be bnilt for less. This light-house bears a 1st order catadioptric 
holophotal light, revolving once in a minute. 

The next which was lighted was the Double Island light-house, com- 
menced in 1863 and lighted in December 1865. It bears a 1st order 
dioptric fixed light, is of stone and brick, and cost Rs. 90,338-11-4. 

The Coco8 light-house followed, and is an iron plated tower with sepa- 
rate buildings of brick for the light-keepers, it bears a 1st order dioptric 
fixed light, cost Rs. 1,17,916-6-6, was commenced in 1863, and was 
lighted on the 15th February, 1867. 

On consideration of the expenditure in money and time on these light- 
houses, I went closely, when at home in 1865-66, into the subject of a 
cheaper style of light-house, more quickly and more easily erected : and 
also into the question of putting up such light-houses in lieu of light-ships, 
with reference to the saving of cost in erection and maintenance, and the 
comparatively smaller risk to human life; and, as a good opportunity 
offered for testing the conclusions I had arrived at from careful investiga- 
tion, the Government ordered the light-house on the Khrishna Shoal to 
be put up on screw piles, in deep water ; as also those on shore, at the 
China Buckeer and Eastern Grove, from which a clear test of the economy 
of the two latter as compared with one light-ship could be ascertained. 

The piles of the Khrishna Shoal have now been down for two S. W. 
monsoons, and none of ,the fears expressed, as regards scour, &c, have 
been verified. It was lighted within 16 months of its having been com- 
menced, is in deep water, and has cost including the light (which is fixed) 
not more than £16,000. Had circumstances been favorable it might 
easily have been erected in from 6 to 8 months. It is in three fathoms of 
Water at low water, is exposed to a heavy sea during the S. W. monsoon 
with a six knot tide running at springs, and an important position for a 
light has been secured in deep water, where, to have attempted any other 
kind of structure, it would have cost ten times that sum, if it could have 
been done at all. This light-house bears a fixed light of the 2nd order. 

The China Buckeer light-house bears alight of the 1st order, revolving 
once a minute, to which there is no superior in the world, and it is borne by 
a tower on screw piles which, including the light, has cost only Rs. 80,000, 
and has been set up in about 12 months. 
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The Eastern Grove is lighted by a 3rd order fixed condensing light of 
which also, of its class, there is no superior anywhere in Europe, which is 
home on a light tower on screw piles, which cost about Rs. 50,000, and 
has been, though not yet finished and taken oyer from the contractor, 
sofficiently completed in about 12 months to be used for the light. 

In addition to this it will be found that these two light-houses, China 
Bnckeer and Eastern Grove, if they answer their purpose as well as the 
lightship (and on this point I annex the opinion of Captain Phil brick the 
Deputy Master Attendant of Calcutta, who happens now to be here, and 
who had an opportunity of observing the lights the second night of their 
being lighted, and than whom the Government of India can find no better 
authority), there will be an annual saving as compared with the light- 
ship of about Rs, 12,000 to the Port Fund of Rangoon. 

It is true that I am not altogether satisfied with the Ehrishna Shoal 
light-house or with that on the Eastern Grove ; the first has some degree 
of vibration which is owing to the fact of the lower outer piles being ver- 
tical instead of having a batter ; and the latter has not been well put 
together. I think in light-houses of this kind in more exposed situations, 
such as the Sand-heads or the Oyster Reef, it will be necessary to give 
this batter either by an additional outer row of piles with the necessary 
slope, or by sloping the main piles themselves. I have not quite made up 
my mind on this point as the difficulty in the latter case is getting first a 
platform in deep water from which to guide the piles down in the proper 
slope, whereas by the first arrangement, the vertical piles give the neces- 
sary platform, and though the expense would be somewhat greater, it 
would not be such as to prevent my proposing it if I thought the arrange- 
ment were necessary to stability. 

I have had frequent opportunities myself of observing the effect of a 
high sea on the piles at the Ehrishna, and also of hearing the reports of 
others. The piles absolutely create no sea as would a solid structure, and 
the height of the waves under the dwelling is not appreciably greater than 
that of the waves outside the piles. 

It is quite true, however, that these light-houses in deep water are ex- 
posed to wrecks or ships being driven against them. Risk of danger always 
exists, and therefore it cannot be said there is no danger to any building 
of this kind whether of stone or iron, at sea or on shore. 

For instance, the other morning at the China Buckeer, while the 
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subordinate was in the light-room on the very first night of its being 
lighted, an earthquake took place at 1-45 a. m., which shook all the 
glass-work and made it " ring like bells." Now I hare not the slightest 
doubt, but these pile structures will stand a heavier shock of earthquake 
than a masonry building of similar height. 

Again a light-ship is exposed to danger from collisions though not 
from earthquakes, but on the other hand s)ie is exposed to the danger 
of being driven from her position, and she is generally in such a position, 
at all events in these seas, that, if driven from her position, she goes ashore. 
The Government of India have lost four light-ships within the last five 
years with all hands on board. 

It is quite true that I have heard of one light-house on screw piles be- 
ing 8 wept away in one night, but then it was in a position where, in a 
memo, on this subject already submitted to Government, I showed I would 
not put such a light -house. 

Then looking at the difference of risk to human life, six men are ne- 
cessary to the charge of a light-house, 30 men are necessary to the charge 
of a light-ship. If the four light-ships which have been lost at the Sand- 
heads had been four light-houses, we should have lost only 24 men against 
120. But, in my mind, one of these light-houses in deep water, even 
under the worst conditions of collision, are not in the least likely to be 
wholly destroyed as the lightships are, and therefore I am very strongly 
of opinion both as regards risk to life, and risk to property, the light- 
ships are very far inferior to light-houses, while the superior efficiency of 
the lights, as shown from light-houses instead of light-ships, is undoubt- 
ed by every one concerned in the controversy. Again the Khrishna Shoal 
light-house costs including establishment, oil, provisions and stores about 
Rs. 850 per month, inclusive of a share of the salary of the light-house 
Inspector, and maintenance of tender, while the maintenance of a first class 
light-ship costs not less than Rs. 2,500, so that supposing the Sand-heads 
for instance were lighted by six light-houses instead of by six light-ships, 
the saving annually to the Port Funds would be one lakh and eighteen 
thousand rupees, which would in each year pay for about two-thirds of 
one light-house or in 8 years would pay for the construction of two light- 
houses. In the above comparison no mention has been made of the com- 
parative cost of repairs to either description of light, though the wear and 
tear of a light-ship would be of course much greater than of a light-house. 
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I annex herewith a chart of the Bay of Bengal showing the position of 
each light-house above alluded to, with its character of light, and with the 
sailing directions (as issued) printed below. Of each building I have also 
given an elevation showing actual and comparative heights of focal planes 
above High-water mark. 

Also on the same sheet a chart 9 on a larger scale of each part of the coast 
affected by the lights. 

This chart is only compiled by me from the regular chart, but it seems 
to me, that it would be very useful (if published) for shipping using this 
side (the East) of the Bay of Bengal and the Gulf of Martaban. It might 
be sent to the Secretary of State for this purpose if the Government of 
India thought it desirable. It will be observed that I have put in the 
Oyster Reef light-house as only proposed, when this has been erected 
this remark, regarding its proposed erection, would in any new edition of 
the chart be left out. 

In conclusion, I would observe that in a late report to Government, the 
Chief Commissioner said, that these light-houses barely pay their ex- 
penses. I have a statement from the Accountant General of receipts and 
disbursements last year, 1868-69, and I find that while the net income to 
Imperial revenue for that year was Us. 8,039, that of the Local funds was 
Bs. 12,716, or a total net income of over Re. 20,000. This income will bo 
s till further increased now that the light-ship has been removed. 

The above only includes moreover (outside of Burma itself) the collections 
of Calcutta on account of British Burma light-houses ; those of Madras 
Singapore, <fcc, have yet to be ascertained. As the light- ship was about 
to be removed no repairs were made to her, and no expenditure whatever 
on account of repairs to light-houses, whether Local or Imperial, was in- 
curred in the P. W. D. during 1868-69. 

I do not allude to these favorable returns on light-houses with any 
satisfaction, except in-as-much as it would appear that the Government 
desire to make light-houses pay. I believe these small charges act as drags 
on trade, while they are difficult of collection and cause much worry in 
account, and are consequently highly objectionable. 

I believe there should be one tonnage due payable by every ship at every 
port to Imperial revenue, while lights or other port or coast arrangements 
for the safety of vessels should be charged against Imperial revenue, and 
be supervised by Imperial officers. A. F. 

* Here omitted, 
VOL. I.— SECOND SERIES. T 
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From— Capt. T. W. Philbbiok, Officiating Deputy Master Attendant, 
Calcutta. To— Libut.-Col. A. Fraser, C.B., R.E., British Burma. 
Dated j Rahgoon 2Ut September , 1869. 

Sir. — In reply to your letter No. 723-4 C-i. of the 16th instant, I have 
the honor to state for the information of the Chief Commissioner that, 
when passing the Ehrishna Shoal light in the Screw Streamer Arabia on 
my passage to Rangoon, I observed that it showed a brilliant and power- 
ful light, but as the light-house had been illuminated for some time it did 
not occur to me to make any accurate observation as to the range of the 
light. Judging, however, from recollection, I should say that it was seen 
fully 15 miles distant. 

With regard to the position of this light-house, the Master Attendant 
of Calcutta has already expressed an opinion to the effect that the site 
chosen for it is the most proper and best calculated to facilitate the safe 
navigation of vessels in that vicinity, and this opinion is entirely in ac- 
cordance with my own views on the subject. 

The Arabia took a Pilot on board near the Khrishna Shoal, and from 
him I learned that the China Buckeer and Eastern Grove light-houses 
were to be illuminated that night (15 th instant) for the first time. I 
therefore made it my business to observe accurately the ranges of these 
lights, and to note their character as regards strength and brilliancy. 

We made the China Buckeer light fully 18 miles off, and, after steer- 
ing to the North-Eastward till the light bore N. W., we sighted the East- 
ern Grove light bearing N. N. E. I have not a chart by me with the lights 
marked on it, but if these bearings (which are magnetic) be laid down,* 
the position of the Arabia when the Eastern Grove was sighted will be 
apparent, and roughly calculating, I should say it was between 16 and 18 
miles S. S. W. from the Eastern Grove light-house. 

Both lights were very brilliant. 

With regard to the position and general arrangement of these two 
lights, I am of opinion that the plan adopted is the best that could possi- 
bly be devised, and that no seaman of ordinary intelligence and using 
proper precaution could possibly make a mistake or run his vessed into 
danger, after having once sighted the China Buckeer light. 

T. W. P. 

• Captain Philbrick and myself afterwards laid down these bearings on the chart, and I am hap- 
py to say it placed the Arabia in exact accordance with the oakulated range of the Easter n Grore, 
and the position of both lights as shown thereon.— A. F. 
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EXPLANATORY NOTES. 



Alguada Reef Lifht-house. 

M A first class revolving Light was exhibited for the first time, from the Alguada 
Beef, in the Bay of Bengal, on the night of the 23rd April 1865, and will continue 
to be shown from that date." 

The light, which is 144 feet above EL W. mark, attains its greatest brilliancy 
once a minute, and is visible in clear weather 20 nautical miles from the poop of 
a large ship. 

Cape Negraia bears from the light-house N. W. 

The Pagoda on Pagoda Point N. |E 

Porian Point N. E. by N. 

The centre of Diamond Island N. N. E. 

Vessels approaching the Alguada Reef will still find it necessary to be carefuL 
The tides when uninfluenced by the wind, set across the Reef and with a good deal 
of strength between the Reef and the Phaeton Shoal. Vessels therefore should not 
come under 20 fathoms on the North Western side, as the water shoals suddenly 
on this side, especially towards the S. W. part of the rocks. 

15 Fathoms will be a safe depth to pass in on the Southern and Eastern sides. 

There is a good channel to the North of the Reef, between it and the Phaeton 
8hoal, but the navigation must always be attended with some risk to those unacquaint- 
ed with it, there being no plain marks that can be specified as a safe and sure guide 
through. Should however circumstances compel a vessel to go through the Northern 
channel it will be well to borrow on the Alguada Reef side passing about half a 
mile distant from the North Easternmost visible rock, and not coming under 11 fa- 
thoma Should it be high water, the breakers will show the rocks. 

On the Eastern side of the Reef, vessels may know they are clear of danger, by 
keeping the highland of Heingyee (or Negrais Island) well open to the Eastward of 
Diamond Island. 

Double Island Light-house. 

A light house has been established on Double Island in the Gulf of Martaban— • 
Bay of Bengal. 

The light was first exhibited on the 4th of December 1865, and will continue to be 
shown hence forward nightly from sunset to sunrise. 

The light is a first class fixed dioptric light, and is visible in clear weather about 
19 nautical miles from the deck of a large ship. It shows through an angle of 164° 
80* illuminating the Western horizon, and is cut oft on two bearings respectively N. N. 
W. and S. | E. from the light-house, the former passing one and a half miles clear 
of the Patch buoy off Amherst to the West, and the latter one and a quarter miles 
clear of Callagouk Island also to the West, an isolated beam of light shows from the 
Patch buoy Eastward as far as Amherst Point Amherst Point bears from the 
light N. | W. Patch buoy N. by W. | W. Callagouk Island (W. point) S. by E. 

T 2 
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Double Inland is in Latitude 16° 62* 80" N. Longitude 9T 86' 80" E. Vessels 
after making the light should endeavour to keep it between the bearings of 8. £• 
and N. E. paying particular attention to the state of the tides, as they run on the 
springs about 5 knots an hour parallel with the coast Vessels standing in too close 
to the land will lose the light altogether, but so long as the light is kept in sight 
they will be in no danger until they are ten miles to the Northward of it, when they 
will be approaching the Goodwin sands whereon the tides set very strong. The an- 
choring ground in the vicinity of Double Island is very good, but of course, on ac- 
count of the strength of the tides, vessels should avoid as much as possible the risk 
of anchoring in such deep water. 

Coco* Light-house. 

A Light-house has been erected on the South West end of Table Island, Cocos 
group, Eastern part of the Bay of Bengal, at an elevation of 118 feet above high 
water mark, a light from which has been exhibited since the 15th February 1867. 

The light-house is in Latitude 14° 12* 30* N. Longitude 93° 17' 45' E. 

The building is an Iron Tower, in the form of a frustrum of a cone 77 feet high, 
painted in alternate rings of red and white, (centre of light being 77 feet above the 
base and 195 feet above high water) exhibiting a fixed white dioptric light of the 
first order, which can be seen from a ship's deck 22 nautical miles in clear weather. 

The only obstructions to the light being visible all round the horizon, are Great 
and Little Cocos Islands. 

The light is invisible with the Great Cocos in line with the light-house bearing 
between the compass points N. by E. and N. by W. J W. a little Westerly, the arc of 
invisibility being 25° 55'. The light is also invisible with the Little Cocos in line 
with the light-house bearing between the compass points N. E. by N. \ N. and N. E. 
\ N. nearly, the arc of invisibility being 7° 5'. 

Coast Light-house on the Krishna Shoal, Qulf of Martahan, in Latitude 15° 36 / 
80* North, Longitude 95° 35 1 East. 

A light-house on screw piles in 3 fathoms at low water, on tbe South Eastern edge 
of the above shoal, showing a fixed dioptric light of the second order. The focal 
plane of the light is 60 feet above high water mark, visible 14 nautical miles. Rise 
and fall of tide 12 feet H. W. at F. and C. XII hours. The light is cut off at W. 
8. W. to the Westward, and at N. N. E. to the Eastward, the centre of the light 
being South East 

It is provided with a Fog Bell which, in foggy weather, will be sounded at inter- 
vals of 80 seconds. 

In making the light (the object of which is to enable vessels to round Baraga 
Point so as to avoid the dangers of the Baragu fiat and Krishna Shoal) from the 
Westward, a vessel should keep in not less than 7 fathoms of water to the Southward, 
steering Eastward until the light bears North- West and distant from 5 to 10 miles, 
then steering, according to strength and.set of the tide, between North-East by North, 
and North-East, 40 miles, to make China Bukeer light-house off the mouth of the 
Rangoon river. 

Vessels from the Northward going South must not get into less than 6 fathoms 
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of water when standing to the Westward, or bring the light to bear to the Southward 
of 8. W. by W. | W. 

No vessels should approach within 5 miles of the light-house. 

A vessel bound to the Westward may steer in that direction after she has brought 
the light to bear North, distant 5 to 10 miles, taking care to keep in not less than 7 
fathoms of water. 

Harbour Light-house on China Buckeer, off the entrance of Rangoon river. 

Hitherto the entrance to the channel of the Rangoon River has been marked by a 
Light-ship in 3& fathoms of water. The Light-house is situated on the high land of 
China Buckeer, which is generally first made by ships bound to Rangoon, and is about 
3 miles North-East of the mouth of the China Buckeer river. It is built on screw 
piles, and the lower part being against a back ground of dark trees will be painted 
white. It is close to high-water mark, but the sands at low water stretch 6 miles to 
the Eastward of it. Ships must therefore keep well to seaward from it It bears a 
dioptric light of the first order, the upper and lower cupolas showing a fixed light, 
and the centre drum a revolving light attaining its greatest brilliancy once a minute. 
It can be seen 15 nautical miles from the deck or 17 nautical miles from the mast 
head of a ship. It is in Latitude 16° 19* 30*; North Longitude 96° 1? East. 

Barbour Light-house, near the Eastern grove, off the mouth of the Rangoon, 

river. 

This Light-house is also on screw piles, in Latitude 16° 29' North, and Longitude 
96° 26' 30" East. It will show a light over an arc of 60°. It will be cut off to the 
Eastward due South ; 10° of this angle will show a condensed light, the centre of 
which will pass through the present position of the light-ship or in a direction South 
80° West. This condensed light is visible 16 nautical miles from the deck, or 18 
nautical miles from the mast head of a ship, and the remaining 50° of light 12 miles 
from the deck of a vessel. It is not intended: to be a leading light into the river, but 
to prevent vessels, making the land or China Buckeer light, from running too far to 
the Westward- 

Sailing directions Jor making the mouth of the Rangoon river. 

Steer so as to make China Buckeer light bearing between N. by E. and W. by N. 
To avoid the Eastern Sands, a vessel should not go so far North as to bring the light 
to bear to the Southward of West : and to avoid the Western Sands, the Eastern Grove 
light-house must not be brought to bear to the Eastward of N. N. E. | E. With 
China Buckeer light bearing West and the Eastern Grove light bearing between N. 
N. E. i E. and North, vessels will be on the Rangoon pilot station, (in the neighbor- 
hood of which pilot vessels are constantly cruising,) and should anchor until day 
light or until a pilot is obtained. 

Sailing directions for approaching Akyab Harbour. 

Steer so as to make the Great Savage light bearing between N. \ W. and N. E. 
by N., whilst the depth of water is more than 12 fathoms. When in less than 12 
fathoms water, keep the light bearing between N. and N. by E. \ E. and when in 6 
fathoms, anchor, or heave to, for a Pilot 
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No. XX. 

THE "OMNIMETER." 
By Major G. A. Laughton, Supdt. Bombay Revenue Survey. 

From India Office to Major Laughton, — Dated 6th August, 1870. 
Thb Duke of Argyll is willing to sanction the supply to you for experi- 
mental trial in India of the new instrument for taking linear measure- 
ments, which is considered by Colonel Strange to be worthy of a fair trial, 
and that Officer will be directed to furnish you with one, to take with you 
to Bombay. The payment of the cost of carriage and of the Custom dues 
is also sanctioned. I request that you will submit a report to the Govern- 
ment of Bombay, after trial of the working of this instrument. 

(Signed). Kuwait Mbbiyaks. 

Extract of Report for information of Government Bombay. 
The " Omnimeter " is an instrument which effects several operations, 
viz., it measures vertical and horizontal angles ; it determines altitudes, 
and can consequently be used as a level ; and, lastly, it measures linear 
distances, whether inclined or horizontal. In fact, with this instrument, 
work combining the use of the chain, level, and theodolite, can be done 
more expeditiously than with the latter instruments at one and the same 
time, and consequently in a great measure supersedes the necessity of 
using them. 
This instrument professes to measure- 
Distances of 100 feet to within 0*001. 

„ of 1,000 feet „ 0*050. 

„ of 1,000 yards „ 1 foot. 

Heights at a distance of 800 feet „ 0*0005 of a foot. 

„ „ „ of 1,000 feet „ 0*002. 

The principal parts of the " Omnimeter " \ 
(1) A powerful telescope. 
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(2) A powerful microscope. 

(8) A scale fixed on the horizontal plate and divided into half- 
millimetres. 

(4) A micrometer screw, turning a circular disc, which is divided into 

500 equal parts, one whole turn of which moves the above 
scale half a millimetre. 

(5) A graduated circle for measuring horizontal angles. 

(6) A level to adjust the horizontal plate. 

(7) A second level placed upon the telescope. 

(8) An arc for measuring vertical angles. — N.B* The one on this 

instrument is not divided, and consequently is useless for 
the above purpose. 
The instrument is formed by combining a powerful microscope ab, as 
in figure, with a telescope cd, and a micrometer ef, which gives measures 

on a hori- 
zontal scale, 
divided in 
half millime- 
tres, placed 
I at AB, as fine 
880-0000002 
of a. metre, 
or 0-0002 of 
a millimetre. 
The micros- 
cope ab is 
perpendi- 
cular to the 
telescope cd, 
and both 
move on the 
same axis O. 
The perpen- 
dicular dis- 
tance 4 from 
the centre of the axis O to the scale AB can be found to any required 
degree of accuracy ; it is a constant quantity in each instrument. The 
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bases and the perpendicular of any number of triangles may be taken by 
the use of the microscope, micrometer, and scale AB with accuracy, which 
triangles will be similar to corresponding ones taken by the telescope. 
The most important triangle given by the telescope is that formed by 
pposing two lines to pass through the telescope, one to the head and 
the other to the foot of a staff of known length, held perpendicularly 
at a point, the distance of which is required, or held perpendicularly in 
the direction of a required height. 

Accompanying the instrument are two or more stares, of an invariable 
length; those used with this instrument are about 11 feet long, having 
two white lines on a black ground exactly 10 feet apart, and as all the 
measurements are of a decimal character, this length is the best that could 
be adopted. 

The above is the description of the instrument, and of what it pro- 
fesses to be able to perform. It is altogether as portable as any ordinary 
theodolite. I may here state that I am mainly indebted to " Spoil's 
Dictionary of Engineering" for the description I have given of the 
" Omnimeter. " 

I now proceed to show to what degree of accuracy I have been able to 
work with the instrument. 

As the Omnimeter professes to perform five things, as stated in page 185, 
I will take them in the order therein mentioned. 

The arrangements for measuring vertical, and horizontal angles are 
similar to those of an ordinary theodolite, and require no explanation ; 
the horizontal plate in this instrument is 5£ inches in diameter, and is 
divided into divisions of 20'— the vernier reads to 30" — the vertical arc, 
as stated before, is not divided, and thus one of the principal parts is 
wanting ; for without it, the finding of the distance from the axis to the 
surface of the scale fixed on the horizontal plate, as also the " stationary 
point" of the scale, required for levelling purposes, is a laborious opera- 
tion. 

To determine altitudes. — The staff is placed in a vertical position along- 
side of the object, the height of which is required. The instrument being 
placed at a short distance away from the object, duly adjusted ; a reading 
is taken to the upper line of the staff, and then to the lower line, after 
which the telescope is directed to the top and bottom of the object, the 
altitude of which is required. 
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The distance from the object being ascertained, as will be described, 
hereafter : the height of the object is obtained by the proportion, thus : — 

LetAB = 
the dis- 
tance from 
the axis to 
the surface 
of the scale, 
CD =the 
difference 
of readings 
between 
top and 
bottom of 
object a a 
read off the 
TTc^b scale, AE 
N.B+— The point A is the axis of the instrument. 

= the linear distance between the instrument and object, LN = the 
difference of readings between top and bottom of staff, and GH = 
the required height of the object;— then as AB : DC : : AE : GH .\ 

-^5^— ; AE, may be put = 1, 10, 100, 1000, and so on, 




GH = 



and it is evident that the calculation becomes extremely easy. 

In practice the above has been found to be exceedingly accurate ; the 
heights of several buildings and portions of buildings in Bombay have 
been taken, and subsequently the same have been measured by a plumb- 
line ; both measurements have been found to coincide almost exactly. 

The manner of levelling consists in determining the lines LN and NB 
on the scale ; the first is in proportion to the staff, and the other to the 
height over or under the level of the instrument. The first of these lines 
LN, is found, as before described, by reading the top and bottom lines of 
the staff. The second, NB, by finding out the point B, called the sta- 
tionary point of the scale, which is obtained by the optical axis-line of 
the microscope, when the telescope is brought horizontal by means of the 
level attached to it; the point B is constant, and serves for all calculations 
in levelling operations. The line NB is thus found to be the difference 



Digitized by VjOOQ IC 



188 THE "OMSIMSTEB." 

between the number N, obtained by sighting the staff, and the number of 
the stationary point B. The proportion is then as follows :— (Vide the 
same figure.) 

LN : NB :: L'N' : N'E ,\ N'E s my I ^ WB 

In levelling the " Omnimeter " has been found to be wonderfully accu- 
rate—quite equal to what, as is shown in page 185, it professes to be able 
to do. 

The principal tests I have put it to are as follows : — A series of points 
were fixed in a direct line, from 150 to 900 feet, at every 50 feet; the 
levels of these were accurately determined by an ordinary level twice over; 
•—this operation of course took considerable time. The Omnimeter was 
then adjusted, and without being moved from that spot, observations were 
taken to the top and bottom lines of the staff, at each point, a work which 
occupied only a very short time, for, as there are only two well-defined 
lines on the staff, there was not the same hesitation in reading as with an 
ordinary levelling staff, with which there is an element of guesswork not 
found in using the staff of the " Omnimeter ;" on the levels being calcu- 
lated from the data thus obtained, the greatest difference between the 
results obtained by the two instruments, viz., Ordinary Level, and Omni- 
meter, was 0-01. 

As the linear distance obtained by this instrument is the principal ele- 
ment in determining the level of any given point, for experiment it was 
supposed that a mistake of 3 feet existed in a distance of 900 feet ; but 
on calculating the level with this error — that is, the distance being known 
to be 900 feet — the numbers 897 and 903 were taken in calculating the 
height of the point — in each instance the level thus obtained differed from 
the true level by + 0-02. 

Again, in a distance of upwards of 6,000 feet, working through a 
crowded city with constant interruption, the last reading on a bench-mark, 
from which the work was commenced, was found to differ from the first, 
by only 022. 

Another test was as follows : — The height of a hill of about 90 feet was 
determined by carefully levelling both up and down with an ordinary level 
—a work which occupied us nearly two hours ; the same height within 0*29 
was obtained within five minutes after adjusting the " Omnimeter,' 9 by ob- 
serving a staff at the bottom of the hill, in the manner before described, and 
another at the top of the hill. This was done without moving the instrument. 
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I now come to the last operation performed by this instrument, namely, 
that of measuring linear distances, and I would be glad indeed were I able 
to report as favourably on this, as on the others. 

The operation in determining the distance from the instrument to the 
staff is similar to the others — that is, the staff is held vertically on the 
point, and the top and bottom lines are observed as before ; the propor- 
tion is as follows (Vide last diagram) : — 

LN : AB : : I/N' : AE .-. AE = ?^^? = the required distance. 
Another case can be taken where I/N' is placed partly below the hori-. 
zontal line AE, as is seen in the following diagram ; a little study will show 
that the triangles are similar to those in the foregoing diagram, consequently 
the proportions and calculations are similar. 

Distances up to 1,000 feet have been taken with this instrument, 
but in its present state it is not to be depended upon over 600 feet, and 

even at this 
H ^ distance, er- 

rors amount- 
ing to a foot 
are not un- 
frequent. 

Thecausse 
of error are 
as follows: — 
let.— The 
telescope not 
being power- 
ful enough. 
LN : AB : : L' N' : AE .\ AE a L ' N 'xAB 

LN 
2nd— The arrangement for reading the scale being faulty. 
3rd. — The scale itself though apparently to the naked eye, very finely di- 
vided, when under the microscope appears exceedingly course. 
4th. — The diameter of the disc is too small, and the divisions not 

sufficiently minutely divided. 
The first element of error is easily rectified. 

The manner of reading the scale is as follows : — On looking through the 
microscope two parallel hairs are seen, the micrometer being set to zero on 
the disc ; it is necessary to find out how much beyond the nearest line on 
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the scale the hairs denote the distance to the right ; to do this, the micro- 
meter is turned around, which action draws the scale to the right, until the 
hairs are placed (as it were) one on each side of the line. ( Vide diagram). 



/ 



V 



/" 
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tnis is a matter of individual judgment — no two reading it alike or plac- 
ing the hairs in the position. 

The difference between the observations of two persons, amounting in some 
instances to -00005 ; — but this is a most serious difference for, the difference 
of -00001 in 600 feet is equal to an error of 3 inches — at 1 ,200 = to 1 foot ; 
in other words the error increases according to the square of the differ- 
ence between the distances, consequently, should the difference between 
two observations amount to -00005 — this would equal 5 feet at 1,200 
yards, a most serious error. 

The manner of rectifying this error would be as follows : — instead of 
having two hairs in the eye-piece of the microscope, there should be only 
63 54 55 66 67 58 69 
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one, the divisions instead of being engraved as continuous lines, should be 
shown by the minutest possible dot, with a line to one side of each dot thus, 
the one hair would then be brought so as to cover the required dot, and 
the figures over the adjoining line would show its value. 

The diameter of the disc is 8 inches, and it is divided into 500 divi- 
sions—one whole turn moves the scale (on the horizontal plate) half a 
millimetre. I would propose to increase the diameter of the disc and 
divide it, and the scale, more minutely, so that, in observing, the differ- 
ence, if any, should not be in the first five figures — that is, if carefully 
observed, the first five figures should always be the same. 

With these improvements I am of opinion that the " Omnimeter " will 
be a most admirable instrument for City Surveys— it will then without doubt 
determine distances up to 1,000 feet, within 1 foot — which is the amount 
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of allowable error in our present work with theodolite and chain, and as 
besides the linear distances, levels and horizontal angles are obtained at 
one single and " unique" operation, the saying of time and expense will be 
immense. 

The present instrument even with only the improvements suggested 
above, without increasing the power of the telescope, the size of the 
disc, and the fineness of the scale, will be most useful in the hilly, and 
jungly districts of the Goncan, where, at times, it is impossible to drive a 
chain, without cutting. a path through the brushwood; and I would res- 
pectfully beg to suggest that as many instruments as are immediately 
required for the Survey of that part of the country, should be ordered 
without delay. 

Instruments for City Survey work should have the following : — 

(1.) Lower plate 7 inches in diameter. 

(2.) Vernier of horizontal plate and that of arc for measuring vertical 

angles to be divided to 10". 
(3.) The telescope to be very powerful, so as to distinguish a white 

line Js of an inch long wide distinctly at 1,200 feet. 
(4.) The scale on the horizontal plate to read 100,000, or to 6 places 
of figures, and the divisions to be shown by dots and lines, as 
described in page 190* 
(5.) The microscope to have only one hair. 
(6.) Circular disc to be larger, and more finely divided in the same 

proportion as the scale. 
(7.) The level on horizontal plate to be longer and more sensitive. 
(8.) The level attached to telescope to have divisions on it the same 

as on ordinary level tubes. 
(9.) The base line of the instrument, viz., the distance from the axis 
to the surface of the scale, should be found out before the ins- 
trument is sent to this country, in order to see if any change 
arises from difference of climate, and in the same way the 
" zero," or the point on the scale which is given by the opti- 
cal axis line of the microscope, when the telescope is brought 
horizontal by means of the level attached to it, should be 
noted ; with all these improvements the instrument will still 
remain exceedingly portable* 
There is one more improvement. I would beg to propose, and it is one 
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that not only applies to this instrument, bat also to all theodolities, and this 
is, instead of employing spider's webs, for the hairs in the eye-piece of the 
telescope, and microscope, fine lines photographed on glass, should be 
inserted. These lines can be made finer than any hair ; also the glass can 
be taken ont and cleaned, and the risk of breaking the hairs, and the trou- 
ble required to re-insert them be entirely done away with ; in like manner 
the divisions on the scale of the Omnimeter should be photographed in- 
stead of being engraved. 

I ought to apologize for this long report, but when I came to think 
what a vast amount of trouble and expense can be saved by universally 
employing such an admirable instrument as the " Omnimeter," I feel I 
cannot say too much. 

For City surveying, in laying down traverse lines, all chaining is done 
away with, horizontal angles and levels are taken at one, and the same 
operation* 

For surveying and levelling in rough hilly, and thickly wooded country, 
only those who have been obliged to use theodolites and chains in such 
places, can understand what a boon this instrument will be to others 
similarly employed* 

For Railways and Irrigation purposes it is equally, if not more, useful. 

G. A. L. 



Note to Editor. 



The instrument upon which I have reported, has been made over to 
the Municipality of Bombay, and has now been in use for some months 
in the Engineers Department under Captain Tulloch, R.E., who informs me 
that it works " admirably,' 1 and has been the cause of a large saving both 
of time and money in the Survey of certain valleys intended for the new 
Water Scheme for Bombay. 

I may add that several of these instruments have been ordered out 
from England, among others one for this Department with all the im- 
provements suggested in my Report. Mr. Elliot writes to me that all 
the improvements suggested by me, are very feasible and thanks me for 
my Report upon the Instrument. 

G. A. L. 
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No. XXI. 



ON THE LINE OP COLLIMATION. 



Br Lieut. Allan Cunningham, R.E., Hony. Fellow of King 9 $ CoU 
lege, London. 



It may seem strange, bat it does not seem to be generally understood 
among Surveyors familiar with Surveying instruments what is the real 
direction of the line of sight of a telescope as used for Surveying. It is not 
properly explained in any of the text-books on either Instruments or Sur- 
veying, though sometimes cursorily alluded to. It is the more important 
that this should be well understood, as from a misapprehension of the 
course of the ray, a paragraph has appeared in Rankine's Manual of Civil 
Engineering, edition of 1870, page 84, in which it is attempted to be shown 
(in effect) that a deviation of the intersection of the cross hairs in the teles- 
cope from the axis of the object glass (which is known as the error of the 
Hne of collimation) does not affect the direction of the line of sight of the 
telescope when the cross hairs are shifted along the axis by the act of fo- 
cussing for observing objects at different distances. Were this true, it 
would follow as a reductio ad absurdum that the error of the line of colli- 
mation was of no consequence at all in levelling, and not of much conse- 
quence in angular measurements ; and also that the method of correcting 
that error in a level, known as " Gravatt's method," could not be per- 
formed at all. 

In consequence of the supposed proof that an error in the line of colli- 
mation is unimportant in levelling " Gravatt's method " of adjustment baa 
been omitted in this, the latest edition : the corresponding adjustment for 
the Y level is nevertheless inserted. 
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On account of the importance of the subject, and the high authority 
enjoyed by Professor Banking's works, the author has thought it ne- 
cessary to give references to some standard work on Geometrical Optics, 
80 that it may be seen that the statements in this paper are not mere as- 
sertions. The references throughout are to Parkinson's " Treatise on 
Optics" (2nd edition of 1866). The paper is, however, complete without 
the references. 

In almost all surveying and astronomical instruments the telescopes 
are technically " astronomical telescopes," i. «., they consist of a compound 
achromatic object glass, with a Ramsden's compound eye-piece placed at a 
distance apart of about the sum of their focal lengths, and with axes nearly 
coincident. (Art. 204 and 239). 

From every point of an object viewed a cone of rays falls on the object 
glass ; the objects to be observed in these telescopes are in practice so 
distant that each of these cones is merely a very small pencil of rays : the 
axis of this small cone or pencil for any particular point of the object 
viewed is the direction (external to the telescope) in which that point is 
viewed : it seems natural to call this line " the line of sight of the teles- 
cope." 

For surveying, t. e. y for angular measurement, and for levelling, the direc- 
tions of the axes of the pencils (incident on the object glass) by which 
points are viewed are the only lines of importance. For angular measure- 
ment the angles required to be measured are the projections on the planes of 
the graduated plates of the angles contained between the several axes of 
those pencils, whereas the angles that are actually measured, after eliminat- 
ing errors of graduation and bad centering, are (by the construction of the 
instruments) the projections on those planes of the angular motion of the 
axis of the object glass of the telescope between the several observa- 
tions. 

On looking through such a telescope as described, one commands a con- 
siderable field of view, but for all purposes of measurement it is necessary 
to have some means of confining one's attention to some definite line of 
sight, and as just explained, in order that the angles actually measured 
may be the same as those which are required to be measured, this line 
must be the axis of the object glass. 

Again, for levelling : the axis of the object glass being the line that is 
set perpendicular to the vertical axis of rotation, and, therefore, level where- 
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ever the telescope is pointed, it is desirable that the line of sight of the 
telescope should be either coincident with it or else with some fixed line 
in the telescope in the same horizontal plane with it. 

Fiy. 1. 
Section of an " AttronomicaV Telescope. 




C the " centre " of and OCo the axis of the object glass. 

£ the eye-piece, o its principal focus. 

OQ the object observed, oq its image (inverted) as formed by the object 
glass. 

q the image of or " focus conjugate " to Q the point selected for observation. 

DD the plane of the hairs on the diaphragm. 
Observe that gCQ lie in a straight line, that o the principal focus of the eye-piece 
is placed (by the act of focussing) in the plane oq of the image, and that DD the 
plane of the hairs is made to coincide with the plane of the image by the act of 
focussing when managed in such a manner as to have no apparent parallax of the 
hairs and image, lastly that the intersection of the hairs (in a theodolite), however 
faultily situate, is brought to the point q by the act of shifting the telescope by its 
tangent screws so that the intersection of the hairs seems to cover or " bisect " 
Q, i.e., virtually q. 

The sole function of the object glass is to produce a nearly flat image 
or picture of the object viewed in a plane perpendicular to its own axis 
(Art 204). 

In all cases of oblique refraction through such a lens the image of a 
point is not a single point, but a series of overlapping " circles of con- 
fusion " (Art. 147 and 65) : the " circle of least confusion " for each point 
is taken for the image of the point (Art. 65). 

The image of any point viewed as Q [Fig. 1] not lying on the axis of 
the lens t. e., the " focus conjugate to " the point Q, being the focus of a 
small "oblique centrical pencil" as QC (Art. 115) lies on the line joining 
Q to a certain point C called the " centre" (Art 109) of the lens, and is 
the centre of the " circle of least confusion " corresponding to Q viz., q, 
i. *., q is the image of Q, and ?CQ is the direction of the visual ray : this 
is evidently what has been called above « the line of sight of the teles- 
cope." 
The pencil diverging from Q therefore converges to q: the human 
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eje is, however, fitted to see objects only by rays which are very nearly 
parallel (and not convergent)* 

To enable the image to be seen, therefore, the rays converging on q 
must be rendered parallel : this is arranged by viewing through a Bams- 
den's eye-piece E (Art. 204 and 236) which is set by the act of focussing in 
the position in which the image is most distinct, which occnrs when the rays 
of the pencil corresponding^ to each point viewed leave it nearly parallel, 
in which case the principal focns o is very near the plane oq of the general 
image (Art 204). 

It is to be particularly noticed that the sole function of the eye-piece 
is to view and magnify the image already formed by the object glass, 
and it, therefore, has no influence on the direction of the axes of external 
pencils (or lines of sight of the telescope.) 

For purposes of measurement, t. e., to confine the attention of the 
observer to some definite line of sight, a set of fine hairs crossing one 
another is placed in the telescope tube on an open diaphragm whose plane 
is nearly perpendicular to the axis of the object glass* 

The act of focussing must be so managed as to make both the cross 
hairs and image appear distinct, and also relatively fixed, no matter to 
what part of the eye-piece the observer applies his eye (that is, so that the 
hairs and image may have no apparent parallex). 

The * centre of position'* of the set of hairs in an astr onomi cal instru- 
ment, the (single) intersection of the hairs in a theodolite, and the middle 
of the horizontal hair in a level, are taken for the points of referenoe in 
the field of view. 

For the sake of distinctness the following description refer* specially t* 
tte theodolite, but with slight variations, as necessary, of phrases and modes 
of handling, it is applicable to astronomical instruments, and levels. 

After adjusting for distinct vision and parallax, the telescope it shifted 
by the tangent screws so that the intersection of the cross wires may ap- 
parently cover or " bisect" the particular point of the object which is to be 
observed. 

Since thecross hairs and picture are seen without apparent pwaHaix, they 
are in one plane, and since the intersection of the baits seems to cover or 
" bisect" the point Q of the object viewed [Fig. 1] it follows that ftei* 
intersection has been brought into the line QC, and into the very point q 
above described as the image of Q. Hence the line joining tfcie mtersec- 
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tion of the hairs to the "centre" of the object glass, which k a line 
appertaining to the telescope (this line has been called " the line of colK- 
mation"*), now coincides with the " line of sight of the telescope" which it 
an external line. 

It follows, therefore, that so long as the telescope is used in this manner*, 
that is to say, so long as distinct vision is obtained of both the field and 
cross hairs without parallax, and the telescope then moved till the inter* 
section of the hairs seems to cover the point which is to be observed, the 
" line of collimation" is also the " line of sight of the telescope." 

Unless, therefore, the intersection of the cross hairs can be brought into 
the axis of the object glass of the telescope, it will be quite impossible 
to make that axis the line of sight, which was above explained to be so 
desirable. 

Were the line of colHmation a definite fixed line in the telescope it 
would matter little for some purposes (*. g. } for levelling) whether it coin- 
cided with the axis of the object glass or not, but if the intersection of the 
cross-hairs do not lie in the axis of the object glass, the fine of collima- 
tion is not fixed relatively to the telescope. 

For, in order to view objects at different distances, the telescope must 
be " refocussed"; in theodolites in which the diaphragm is generally a 
fixture in the telescope, the focussing screw shifts the object glass along 
its axis; in levels in which the object glass is a fixture, the focussing 
screw shifts the eye-piece and diaphragm together along the axis of the 
object glass (in this case the crosshairs are shifted parallel to that axis). 

In either case the line of collimation (being the line joining the inter- 
section of the cross-hairs to the " centre" of the object glass) is evidently 
tilted from its previous position : hence, even if the objects to be viewed lie 
in a straight line passing through the "centre" of the object glass, the 
telescope would have to be shifted to make the cross hairs cover each in 
succession, after focussing for distinct vision. 

Indeed it is on this tilting of the line of collimation, (when not coinci- 
dent with the axis of the object glass) consequent on refocussing for 
objects at different distances, that the method of discovering and correct- 
ing the error in altitude of the line of collimation, known as " Gravatt's 
method ,r is based. 

• The propriety of the ate of the term " line of collimation " in this its original, and atitthould be 
only, ten* is now seen, for collimation meant literally n alignment" (collimare = to align) : any 
other nte it a misappropriation of a very ntefnl term for thtt line which hat no other name. 

u2 
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The para, in Professor J. M. Rankine's Manual of Civil Engineering 
(See Edition 1870, page 84, Art. 50), alluded to above, is here extracted 
verbatim : — 

"It has been shown (by Professor Blood of Queen's College, Galway) that the 
exact coincidence of the cross wires with the axis of the telescope tube is not ab- 
solutely essential to accurate levelling. This is demonstrated as follows :— 

Fig. 43, A. 

A 



H 



»Qf ' T K 



A D 

c< In Fig, 43A, let A A represent the object glass of a telescope, BC the axis of th 
telescope tubes, and DD the diaphragm. Suppose that the horizontal crosswire EE 
instead of traversing the axis BC of the tubes, is situated at a certain distance from 
that axis. Then, when the inner tube is drawn in and out, the cross wire E will 
move along the straight line EF parallel to the axis CB. 

Let H be the outer principal focus of the object glass, situated in the axis CB. 
Then it is known that, by the laws of dioptrics, all rays of light whose paths within 
the telescope are parallel to BC, pass through the focus H outside the telescope ; so 
that, for example, a ray of light whose path within the telescope is FE, has for its 
path outside the telescope the straight line HG ; and hence it follows that all pos- 
sible positions of the cross wire E, as the inner tube slides in and out, coincide with 
the images of points situated in one straight line GH. 

Consequently that line (or its prolongation within the telescope, GK) may be 
regarded as the true line of collimation ; and if the spirit level is adjusted so as to 
be parallel to that line, correct results will be obtained in levelling, although the 
cross wire may not traverse the axis of the telescope ". 

The reasoning quoted is incorrect in several points. 

1st. Although it is true that one external ray passing through H 
the outer principal focus of the object glass is refracted along FE paral- 
lel to the axis of the object glass, it does not follow that " the images of 
points situated in" the "straight line GH" fall on the line FE, but 
only that an image, . viz., the centre of one of the infinite number 
of circles of confusion for each point on GH will fall on FE. For it 
was stated above that the image of a point was the centre of the " circle 
of least confusion " corresponding to the point and lay on the line join- 
ing the point to the "centre" of the object glass (Parkinson, Arts. 65 
and 115). 

Although it is possible to see a point by any part of the pencil proceed- 
ing from it, still in order to see the point by the particular part of the 
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pencil having BO for its axis, it would be necessary to obscure the whole 
of the object glass except in the neighbourhood of G and F, because the 
very act of observation selects not the indistinct image seen by the pencil 
FE, but the most distinct image which is in the " circle of least con- 
fusion." 

2nd. The small pencil whose axis is HG passing through H the outer 
principal focus of the object glass, consists of parallel rays after leaving 
the object glass (Art. 13), and is therefore fit for vision without an eye- 
piece : the intervention of an eye-piece would render the rays leaving it con- 
vergent, and therefore unfitted for human vision (Art. 190), so that it 
would be impossible to make FE the line of vision without removing the 
eye-piece. 

3rd. It is, or ought to be, well known to Surveyors, that " Gravatt*s 
method " of adjusting in altitude the line of collimation of a level depends 
entirely on the tilting of the line of collimation (when the horizontal wire is 
not in the axis of the object glass) caused by the act of focussing (for distinct 
vision only) of objects at different distances. Were the " true line of collima- 
tion " a fixed line in the telescope as set forth in the quotation, its error 
in altitude would not only be of no importance (provided the level were 
set parallel to the external line GH), but moreover, " Gravatt's method" 
would altogether fail to detect the error ! It would also follow that the 
error would be of little importance even in instruments used for angular 
measurement, such as theodolites and altazimuths, for the effect would be 
similar to that caused by defective centering, the error due to which (as 
will be shown in another paper,) is eliminated by the use of two or more 
verniers. 

Elimination of errors produced by an error in the line of collimation. 

1. In measuring angles, as with theodolites and altazimuths, the readings 
corresponding to objects situated at different distances from the observer 
are differently affected, so that the resulting angles (being the differencet 
of these readings) are incorrect. 

The error due to this cause may, however, be wholly eliminated by the 
simple plan of observing every point twice (or any even number of times 
with the telescope in reversed positions : there will then be two sets of 
errors equal and opposite for each point, (although differing for points at 
different distances), which will be eliminated in taking the mean. 
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2. Li levelling the error due to this cause may also be wholly eliminated 
from the general result by the simple plan of always* placing the level at 
equal distances from the farthest back-staff and farthest fore-staff. The 
error in reading on these two staves will then be equal, so that the resulting 
difference of level (being the difference of the readings) will be correct. 
The readings on intermediate staves will be differently affected according 
to their distance from the instrument, so that the resulting reduced levels 
at all the intermediate staves will be affected by this error, but these errors 
will be all small and not cumulative (the difference of level having been 
correctly obtained between the farthest staves). Small errors in levelling 
when not cumulative are of no importance. 

iv'.J?.— Observing as above indicated, (1) and (2) has many other ad- 
vantages in eliminating errors due to other causes, which it is not in the 
scope of this paper to enumerate. 

A. C. 
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No. XXII. 

MEMORANDUM ON THE TOTAL ECLIPSE OF DE- 
CEMBER 11-12, 1871. 



By Lieot.-Col. J. F. Tbnnant, B.E., F.R.S. 



{From the Proceedings of the Asiatic Society of Seagal for Jane, 1871.) 



In December of this year we have a Total Eclipse visible in Southern 
India. The duration is short, but in some respects the circumstances are 
very farorable, as the Line of central Eclipse passes over the Nilgherry 
Hills, where I understand fine weather may be confidently expected. In 
order to be prepared, I have computed carefully the Central Line across 
India, and hare added the extent to which errors of the Tabular place of 
the moon may be expected to shift it. In the following Table a a repre- 
sents the excess of the Moon's time above the Tabular Right Ascension 
m time, and Ad the excess of the Tabular above the true S declination. 

I hope to hare before the Eclipse a knowledge what errors may be 
anticipated in the Tables and thus be in a position to choose a central 
spot, if it is worth making a change. The figures, however, show that 
this is not probable, the principal result of an error in Right Ascension 
being to shift the Centre of the Shadow along its path the deviation 
from which would be corrected by a small error in the declination which 
could hardly be foreseen. 

The duration of the Eclipse will be small. At the Nilgherries it will 
be about 2 minutes, but this cannot, so far as I know, be as yet accurate- 
ly predicted from uncertainty as to the real diameters of the sun and 
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moon, when free from the en- 
largementby irradiation. If the 
value of the moon's diameter 
deduced by Oudemans from 
Eclipses, be used with that of 
the Sun obtained in the Green- 
wich Transit Circle, then I 
find the duration in the Nil- 
gherries just 2 minutes. The 
data of the Nautical Almanac 
give 2 minutes 7 seconds, and 
if I may judge from the result 
I got in 1868 the real duration 
will fall between these. 

Short as this time is, it is 
enough with an adequate pre- 
paration to produce some re- 
sults of value. It is long 
enough to allow Photographs 
to be taken of the Corona, as 
to whose structure there is 
more to be discovered. There 
seems now no sort of doubt 
that the Corona is only a Solar 
appendage, but is, as I stated 
in my Report on the Eclipse 
of 1868, the comparatively cold 
atmosphere of the Sun. This 
should be further spectrosco- 
pically examined. Observers 
have differed about the number 
and position of the faint bright 
lines they have seen, but it does 
not seem that any one has con- 
nected the variations with the 
position of the part examined* 
To do this appears urgently 
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necessary, and there hare been additions made to the spectroscope which 
will allow more than one portion of the Gorana to be examined, and its 
lines recorded daring the short time it is visible. 

There is another subject too of spectroscopic examination. Kirchhoff 
in his theory of the solar constitution supposed it surrounded by an ex- 
tensive atmosphere consisting of metallic and other vapours, as well as 
gases, by the absorption of which the dark Fraunhofer lines were pro- 
duced. It has long been clear that there was no such extensive atmos- 
phere, and some physicists have been satisfied that there is none such. 
Mr. Lockyer and his collaborateurs, though they have detected a greater 
number of bright lines at the bases of the prominences, have never ap- 
proached, so far as I know, the number of even the conspicuous dark 
lines, whose explanation has, therefore, not been satisfactorily made out. 
At the Eclipse of December 22, 1870, however, Professor Young at the 
moment of obscuration, and for one or two seconds later, saw as far as he 
could judge every atmospheric line reversed, and this was confirmed by 
Mr. Pye. I have but the scant information of this point given in the 
Royal Astronomical Society's Council Report, but it is sufficient to show 
me why this has not been seen before by observers looking out for it, and 
also to make me feel the importance of verifying the observation. 

To understand why it has not been seen before, it must be considered 
that the image of a bright object in the focus of a Telescope when reliev- 
ed against comparative darkness is enlarged by a phenomenon known as 
irradiation ; the light encroaches on the darkness. The sun thus appears 

larger, and the moon smaller than 
the real size. This continues till 
the real contact of the Limbs in- 
ternally ; at this moment the thread 
of light, which previously had con- 
siderable width, appears suddenly 
broken and vanishes in a Total 
Eclipse : while in the Transit of a 
Planet or Annular Eclipse there 
appears the " black drop " of the 
observers of the Transit of Venus 
in 1769. At A in this figure I have endeavoured to give some idea of 
this phenomenon in an Annular Eclipse, and at page 16, Vol. XXIX., 
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of the monthly notices of the Astronomical Society will be found some 
figures illustrating this in a Planetary Transit. When we are dealing 
with so thin a stratum surrounding the true Photosphere, we cannot see 
it in sunshine, as it is lost in the irradiation, (it may be partly visible in 
very large Telescopes where the irradiation is Tory small), and we are 
very apt to loose it at the moment when the sun disappears, for it ia 
found only between the places where a moment before the Sun a Moon's 
limb appeared, so that the observer following either of them might well 
miss it. 

In the search for, and verification of this important observation, the 
duration of total phase can matter little. 

I have been in communication with the Home Secretary on the subject 
of observations of this Eclipse, and my views I may say have been most 
cordially received. I am not yet in a position to submit a proposition 
officially, but I have great hopes of being able to do so in a few days.* 

P. S. — I may just mention that in plotting the Shadow Track on a 
map, it is necessary to allow for the error of its zero of Longitude, a pre- 
caution often forgotten. The Longitudes of the Q. T. Survey require a 
correction of 3' 2-7 # , and those of the Atlas of India one of 4' 11" to 
adjust them to the accepted Longitude of Madras. 

J. F. T. 



* Thit h«a sino* bten done. 
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Si*,— Mr. Elwes' suggestion, in your last Number, is au excellent one, 
and seems to be in accordance with the views of the originator of jour 
publication, who stated that he hoped the Indian Professional Papers 
would become a " Store-house of facto." 

Taking advantage of your invitation, I forward you some notes and 
make no apology for their being rough and brief; I hope others may 
follow my example in sending you extracts from their note-books. 

I think it is desirable that it be understood that " Notes " of this sort 
should not be too naked ; as their value to the profession in general may 
be greatly impaired by want of explanations concerning the conditions and 
circumstances under which the data have been obtained and established. 

The value of data will much depend on the sources whence derived, 
the means used to acquire them, and the authority by which their accu- 
racy is vouched for. 

Local facts will be of undoubted value to local practice, but as far as 
possible data should be made to furnish us with general standards of 
comparison. 
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2STO. 1. 
Experiments on the Strength of Mortar and Concretes. By LietJT. O. Chad- 
WICK, K.E., Assistant Executive Engineer for Reclamation, ; made in 1869-70, under 
my direction. 

Transverse Strength. 

Clear bearing, 4 feet ; section of block, 12' x 12'; weight being at centre, in a 
scale pan. 

Modulus of Rapture/ = ■ , , a : 
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by measure. 
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Lime concretes. 
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(Cement from Kurrachee Har- 
bour Works. 

Do. da 

Cement from Bazar. 
Do. do. 

Cement from & H. Works. 
Bad cement. 



Interior of these blocks veiy 
wet and soft when broken. 



Made with ground pumice. 
^ Made as an experiment with 
i unground pumice. 
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Observations.— The weight of a cubic foot of metal = 97 lbs.; of atone from which 
produced = 180 lbs., voids 45J per cent; weight of sand 100 to 103 lbs., voids 87 per 
cent; weight of lime loose 54 lbs. per cubic foot, packed 65 ; weight of cubic foot of 
ground pumice 35 lbs.; weight of cubic foot of cement, loose, 95 to 80 lbs.; weight of 
shingle 1 14 lbs. per cubic foot Pumice mortar requires 24 hours to set before it can 
be put into water for experiment 

The column of a No. of Experiment." is not that of the experiment, but merely of 
this list for reference sake. The cement was Portland Cement of from 150 to 112 lbs. 
per square inch tensile strength after 7 days* immersion. The lime was of the class 
of kunkur-lime, rather poor and slightly hydraulic 

The pumice was from Aden, and was ground fine in a flour mill, analysis attached. 
The sand was river-sand from trap formation, rather water worn, and of the same class 
as the shingle. The shingle is obtained from the mouth of a tidal river, containing 
about 25 to 30 per cent, of sand. When shingle is shown without addition of sand, 
the natural proportion of sand found in the shingle was allowed to remain, t. e., the 
shingle was not screened ; when sand is shown separately, the shingle was screened 
(screen 4 meshes to the inch) and the proportion of river sand returned. In making 
the concrete the mortar was first made in edge mills, and the shingle or metal added. 
The metal was trap road metal broken to 2 inch cubes. The cement blocks were 
placed in the water within 24 hours after being made and broken on removal. The 
lime blocks were only kept watered and covered by mats. 

Analysis of Aden Pumice, by the Chemical Analyst to Government of 

Bombay, 

The mineral is made up of two principal constituents — 1st, Gypsum, of which it 

contains 46*05 per cent; and, 2nd, 52*11 per cent of mixed silicate of alumina 

iron, magnesia and the alkalies ; the silicates of alumina and iron predominating. 

Annexed is a table showing the per centage of the principal component of the mineral. 

Hygroscopic water, 1*84 



Sulphate of lime, 86'41 I /*__-_ Aa . nR 

Water of hydration, .. .. 964 \ Gypsum, 4*05 

► Silicates, 52*11 



Silica, 3HKT) 

Alumina, 5*17 

Sesquioxide of iron, • . • . 8*05 

Magnesia, *57 

Alkaline bases water and loss, . . 12*82^ 



100-00 
With reference to the two questions regarding the mineral submitted to me, viz., 
(A), should the mineral be heated before being mixed with lime for the purpose of 
preparing hydraulic mortar ? and (B), what quantity of lime ought to be mixed with 
the mineral for such purpose ? I am of opinion that practical experience is best 
calculated to decide both questions, but theoretical considerations lead me to believe 
(A), That the mineral ought to be subjected to a moderate degree of heat before be- 
ing mixed with lime ; and (B), That the mineral ought to be mixed with about half 
its weight of rich burnt lime. I must, however remark, that these two statements 
ought only to be used as a guide for practical experiments, the obscure nature of the 
chemical change undergone by hydraulic mortars in the process of hardening, render- 
ing it impossible for me to give any more decided opinion. 
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1TO, 2. 

Record of experiments on the resistance to crushing of different descriptions of 
stone, jc, used in Bombay Public Buildings, made by Mr. Muncherjee Cowatjee, 
Assistant to the Architectural Executive Engineer and Surveyor Bombay, in 1871. 



Ho. 



Sise of piece 



Crushing 
weight 



No. 



Size of Btone 
tested. 



Crashing 

weight 

per square 

Inch. 



COOBLA STOHE. 

A yellow or cream colored trap or basalt of Bombay found at Coorla. 

1 [11 1 11 1 II | 12,044 | 

3 Rejected owing to accident to Machine. 
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Hud bluekh ting*. 



Giving an average of 12,219 lbs. per square inch, 

FOBEBUOTEB STONE. I BLUE TBAF. 

A calcareous grit composed of forma- 1 The ordinary trap of Bombay obtained 
niferous shells and a few grains of quartsifrom the quarries of Shewree and Nowro- 
ioined by solution of shells and recrysta-pie Hills, 
lisafcioa. 
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OrflinKkr Stone. 



Superior Stone of 
•ouxMimin. 



Ditto. 
Ditto. 



The above gives an average of 2,451 lbs. 
per square inch* 
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The above gives an average of 12,548 H* 
l per square inch. 
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Stoof pieoe 








Sise of piece 










Crushing 
weight 


Remarks. 


No. 




Crashing 
weight 




Ho. 
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Ill 
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Remsrks. 


Hbxnuggub stone. 


Ransohb's patent stone. 


A moderately hard fine grained siliciow 
sandstone, used in caps. 


Made at Bombay by Mr. Pye 8mith with 
siticious sand from Catch and Ransome's 




process. 
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The above gives an average of 5,125 lbs. 
per square inch. 















MOBTABS. 



No. 



Mortsr-pseoes 



Crashing weight 
per square inch. 
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510 
440 
860 
570 
740 
590 



Mortar from Apollo Pier (14 months old,) 
made of equal parts of sand, Salsette lime 
and pumice, ground for 10 minutes in an 
edge mill, driven by machinery. 

| These specimens were cut by the masons' 
chisel out of a heap of waste mortar that 
had been exposed in the open air on the 
works. 



The above gives an average of 535, nearly. 
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(About 26 months old) used in the foun- 
dations of the New Post Office, made of 
equal parts of sand and Salsette lime, 
ground twice for two hours in a native 
mill at an interval of four days. 

This set of experiments is not very reliable, 
• owing to the difficulty of cutting the 
prisms to an exact shape. 



The above gives an average of 264. 
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records of experiments. 
Bricks. 



No. 



Size of pieces 
tested. 



Crushing weight 
per square inch. 



BemarkB. 



Ordinary Cullian Bricks. 
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Dark red. 

Do. 
Light red. 
Yellowish red. 

A selected piece, hard and well burnt 



The above gives an average of 608. 
Municipal Panwell Bricks. 
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Cracked at 810. 

This piece was soaked in water before being 
tested. 



The above gives an average of 856. 
Panwell Bricks. 
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The above gives an average of 307. 



Note. — These experiments were made under my direction and supervision with a 
machine similar to that used to test cement on the Earrachee Harbour Works, des- 
cribed in No. II A. (Extra No. for April, 1870) of the first series of these Papers, and 
I believe them to be accurate. The power of the machine did not allow of large 
specimens. The ends of the stone bore at first on slips of sheet lead, which was after- 
wards changed for card board, as being practically better. 



J. H. E. HART. 
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No. XXIII. 

METAL CONSOLIDATION BY STEAM ROLLERS IN 
THE CENTRAL PROVINCES. 



By O. W. MacGeoese, Exec* Engineer, Kanhin Division* 



Kampti. 26 January, 1871. 

Fob greater clearness, I propose treating the subject in the following 
order : — 

1st. — General sketch of the order of the season's working. 

2nd. — Expenditure. 

3rd. — Fuel used* 

4th. — General conclusion. 

6th. — Appendix. 

It will be unnecessary for me to enter into any description of the 
mechanical details of the steam road roller, as these are already known to 
you, and are moreover sufficiently entered into by Mr. Davidson in his 
report, which I have appended. 

As you are aware, two of Messrs. Aveling and Porter's steam road 
rollers arrived at the end of the rainy season of last year, and were put 
together by Mr. O'Callaghan. One of the rollers was tried on a short 
length of new metal, but so late was it in the season that no very definite 
information was obtained as to the capabilities of the machine, or of the 
accessory appliances requisite m this country to ensure its most expedi- 
tions and convenient action.* 

Tide P. P., Old Series, Vol. VII., pp. 14MM—BD. 
VOL. I. SECOND SERIES. X 
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The operations conducted this year may therefore be fairly considered 
as tentative and experimental. None of the existing staff of the Division 
had any previous practical knowledge of the working of the roller, and 
the very small amount of printed information as to the working results 
of the machine in England could not prove of much value, owing to the 
totally different set of conditions to which they referred. 

In Europe the value of steam road rolling iias been very generally 
acknowledged, as compared with the systems previously adopted in con- 
solidating metal, these systems being either consolidation solely by the 
traffic or horse rolling. 

In India we have to compare it with what is undoubtedly a very per- 
fect, if expensive, system of consolidation, viz., hand ramming. The 
operations had moreover in the case under report to be conducted over a 
considrable extent of road entirely in the jungles, whilst in England the 
use of the steam roller has (so far aa I am aware) been hitherto con- 
fined to short lengths at a time in the immediate neighbourhood of towns, 
with all the attendant conveniences of unlimited water supply and facili- 
ties for skilled labor in a humid and highly favorable climate. These 
distinctions are necessary to point out, as they show that the roller had 
to be adapted in a great measure to a novel set of conditions, and thai 
therefore the highest results cannot reasonably be expected until ex- 
perience has suggested the most favorable manner of meeting or avoiding 
the many petty difficulties of detail, on every one of which increased 
rapidity of work and consequent further economy may depend. 

The first roller put together and taken up the road last year by Mr. 
O'Callaghan was shortly afterwards despatched to Jabalpur for work 
there. The second roller (the cast-iron turn-table frame and spur wheel 
of which had been accidentally broken) was not without some difficulty 
repaired in the Kanhan Workshops, a sun awning was fitted, and a large 
four-wheeled tender, or fuel waggon, on Messrs. Aveling and Porter's 
pattern was made up. Towards the commencement of the rains the 
machine was steamed up to Amrie, and fuel was stored in the out-build- 
ings at this place, and also at Ohorbowlie and Korai, consisting of Chanda, 
Chhindwara, and English coals. The coals being used chiefly in order 
to test the comparative economic values of the Native coals, and to show 
also the relative economy of the employment of wood in the furnaces 
as at present constituted. 
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The illness of the European drirer of the roller, and a difficulty in col- 
looting gangs of work-people in sufficient numbers for spreading and 
watering the metal with the requisite rapidity at one spot, caused some 
delays at starting, so that the roller was not fairly at work on the 57th 
mile until the 19th July. The miles for which new metal had been col- 
lected were as follows : — The 21st to the 81st, both inclusive, the 41st 
and 42nd, the 45th, the 49th and 57th, in all 16 miles. The first eleven 
miles stretching from near the Tillage of Doomrie to Chorbowlie, two miles 
close to Deolapar; the remaining three being between this place and the 
foot of the Korai ghat. 

The 57th mile at Korai was the one first commenced on, about a quar- 
ter of a mile had been previously picked up and spread by hand. The 
roller was passed over this length in every part four times, daring un- 
usually heavy rain, when the metal was found to be well consolidated* 

The remainder of the mile was then picked up by the machine by insert- 
ing the spikes in the holes provided in the forward rollers, and the result 
pro?ed satisfactory, the whole surface of the road being so loosened as 
to permit its being rapidly raked into a disjointed mass of stones with the 
point of a pick* This operation, together with the subsequent spreading 
and rolling of the metal at this place, was conducted during heavy rain. 
After the roller had passed four times over each part, the road assumed 
a hard compact appearance, the whole mile was then twice gone over, 
thus making in all six rollings, when it was found to be thoroughly con- 
solidated and finished. Scarcely any labor has since been expended in 
keeping this mile in. order, which, as it affords the best results of the 
whole season's working, will be alluded to in detail further on. 

The engine was removed to the 49th mile on the 27th July. From 
the 28th of this month to the 6th September no rain fell at any of the 
places where the roller was at work, comprising the 49th, 45th, 42nd, 
41st, 80th, 29th, 28th and 27th miles. During this period a rain-fall 
amounting to 4 inches in all was registered at Eamthi. After the first 
week water was difficult to procure, that in the side drains having com- 
pletely dried up. During the month of September the roller was employ- 
ed on the 26th, 25tb, 24th, 23rd, and 22nd miles, and scarcely any rain fell, 
the amount registered at Kamthi being less than 5 inches. From the 
end of September to the 15th October the roller completed the 21st mile, 
and was engaged in reconsolidating all the miles between Doomrie and 
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Chorbowlie, tinder similar conditions of weather, hardly 1 inch being regis- 
tered at Kamthi during these 15 days ; in all, barely 9$ inches of rain- 
fall was registered in Kamthi from the 28th July to the 15th October. 
This great want of water during the greater duration of the operations 
very injuriously effected the economical results of the working, and obliged 
me reluctantly to go over a considerable portion of the new rolled metal 
once with hand rammers. In spite, however, of this additional expense, 
and the extra number of times the roller had to be taken over the metal r 
and the various other difficulties and delays due to the want of sufficient 
water, the actual cost of the consolidation has not exceeded two-thirds of 
the usual rate for this work when executed by hand labor; and it has more 
than come up to the saying of Bs. 100 per mile estimated by Mr. O'Callaghan? 
in his report of last year; whilst, as will be shown, if the mean be- 
tween the actual saying on the 57th mile, done under the most favorable 
conditions, and that on the other miles be taken, the result is much 
beyond this estimate. 

Before entering into any detailed account of the expenditure incurred 
this season in consolidating the 16 miles of new metal laid down by- 
means of the steam road roller, I will first exhibit the actual expenditure 
incurred in previous years on consolidation on the Northern Road by the 
usual hand labor method, so as to institute a direet comparison of actual 
mileage rates. This general comparison will include the expense in both 
cases of nokur coolies for keeping the new metal in order for two months, 
and of such operations as picking up and spreading metal common to both 
systems, and it will be based on the supposition that the work is perfectly 
done in each case ; contingent advantages in the use of the steam roller 
over and above the actual consolidation of the new metal, such as the 
improvement to the whole intermediate lengths of road over which it 
must pass to reach its points of working, will not be considered. My 
first object being merely a broad and general contrast of the actual cost 
of the two systems from actual finished operations, the hand labor being 
based on several seasons work; the machine labor, from this season's 
work only. 

The following are derived from the completion reports of the consoli- 
dation of metal on the Northern Road in the three previous years. The 
metalled width being then, as now, 12 feet, and the usual thickness of 
the coats of metal 4 inches. 
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Table A. 



Former yean. 


Executed 
quantity 
cubic feet. 


Cost. 


Finished rate 

per 100 cubic 

feet. 


Finished rats 
per mile. 


1867-68, .. 291101168, •• 
1868-69*, 93, „ 
1869-70, .. 24 J, „ 


625,665 

1,953,600 

515,459 


BS. A. P. 

9,896 1 2 

45,896 12 2 

8,481 6 6 


BS. A. P. 

19 8 
2 5 7 
1 10 4 


BS. A. P. 

835 8 O 
493 8 O 
849 2 O 


1870-71, . . 16 miles, 
By steam road roller — 
Miles. 
11 3 inches coat 174,240 
5 4 do. 105,600 

279,840 


279,840 


8,180 7 4 


12 2 


198 12 5 



In the year 1868-69* a very long length appears to have been consoli- 
dated, and a number of the miles near and beyond Seoni were laid with 
basalt metal, the rate for which is always higher than for granite or lime- 
stone ; I therefore exclude this year from the comparison. Taking then 
the two seasons 1867-68 and 1869-70, we have a mean rate per mile of 
335-8-0 + 849-2-0 ^ ual Rg 842 -5-0, as compared with this year's rate of 

Bs. 198-12*5, showing a saving (even under the disadvantageous circum- 
stances under which the work was conducted) of Bs. 342-5-0— Rs. 
198-12-0 = Rs. 143-9-0 per mile. 

I will now proceed to give an abstract of the charges incurred in 
consolidating the 16 miles of metal, which make up the total expendi- 
ture of Rs. 3,180-7-4, these are as follows : — 

Abstract of Charges. 





'Table B. 








Head of Abstract 


Items of charge. 


Total 
Amount. 


Amount 

per MA 

cubic feet 

of metal. 


Amount 
per mile. 


ESTABUSHMKST. 


Steersman's pay, 
Stokers, do., .. 
Chowkeedars and coo- 
lies watering boiler, 


BS.A.P. 

Ill 1 9 
49 14 

86 5 8 


BS. A P. 

196 8 4 


BS.A. r* 

01 w 


BS. A. P. 

12 4 61 
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Head of Abstract. 


Items of charge. 


Total 
Amount. 


Amount 
per 100. 
cubic feet 
of metal. 


Amount 
per mile* 


Vueu 


English coa],4f mds., .. 

Chhindwara coal, 282* 
maunds, 

Chanda coal, 692 md&, 

Firewood, including 
cutting and transport 
817* mds., .. 

Carriage hire, .. .. 


RS. A. F. 

98 90 

888 70 
81 18 

149 11 8 
22 


R8.A.P. 

740 8 8 


RS.A.P. 

427 


RS.A.P. 


Coolie Labor. 

In spreading metal 
and moornm, occasional 
picking up, watering, 
extra ramming, &c 


Spreading metal, 
Spreading moorum, .. 
Occasional picking up, 
Watering, extra ram- 
ming over by hand 
labor, .. 


625 

180 

16 

961 4 1 


1,682 4 1 


9 8-9 
8-9 


102 8-g 


Ircidcttal Charges. 

Due to roller, divid- 
ed into labor in clean- 
ing, and allowance, and 
sundry repairs and is- 
sue of stock, (such as 
ropes, baskets, water- 
jots, oil, cotton waste), 


Labor in cleaning and 
allowance and sun- 
dry repairs, 

Issue of stock, .. 


88 1 6 
42 1 8 


18028 


8 22 


Nokbr COOLUS. 


For two months, 


481 


4810 


2*9 


80 10 




Total, .. 


3,180 7 4 


8*180 7 


1 22 


198 12 64 



I may here remark that the European driver is not included in the 
above establishment charges, it could not fairly be charged unless the pay 
of Overseers are included in the rates for hand labor. In carrying out 
consolidation of metal extending over 50 miles of road by hand labor, all 
the work would probably go on simultaneously. Two Overseers at least 
would therefore be necessary, whereas in consolidation by the steam roller 
the work is always at one spot, one Overseer in addition to the driver 
(who ranks as a Supervisor) is alone requisite. 

The driver's pay may therefore stand for the pay of the second Over- 
seer required under the other system. 
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Under the bead of abstract " Fuel" it is necessary to remember tbat the 
quantity consumed is tbe whole quantity chargeable to the work and not 
that consumed purely in picking up or rolling metal. The roller was 
steamed from Kamthi to Korai and back, this distance being 58 by 2 
miles, equal 116 miles ; out of this 16 miles of new metal was rolled, 60 
that striking out the fuel used in actual operations, a further amount 
necessary to carry the roller once over 100 miles of road was consumed, 
thus the amount per mile shown on the table does not represent the cost 
of fuel actually expended in finishing the rolling of one mile of metal, but 
the gross cost per mile of road consolidated. The actual consumption 
and cost of fuel used in rolling once or any given number of times a mile 
of new metal, can only be arrived at by the actual observation made dur- 
ing the progress of the work. These observations will be found in Table 
I. of Mr. Davidson's Report. 

My Table B. shows the total expenditure due to each item of work 
extending over the whole 16 miles of metal consolidated, including the 
cost of transporting the roller the additional 100 miles, from which the 
average expenditure per 100 cubic feet and per mile for each head of 
abstract is determined ; the expenditure per actual mile will of course 
vary considerably according to the various conditions of weather, of 
gradients, of nearness of metal stack, facilities for watering, and a mul- 
titude of other circumstances ; nothing would be gained beyond complex- 
ity and confusion in illustrating the detail of expenditure on each actual 
mile ; as, however, the work on the 57th mile at Korai was, as previously 
remarked, conducted under very favourable conditions of weather, being 
finished after six rollings and has required almost no work whatever to 
keep it in order after the roller left it, I think this mile may be taken as 
a test of the results to be expected under the best conditions ; a mean 
between this and the average mileage expenditure on the remaining 15 
miles conducted under exceptionally bad conditions as to weather, will, 
I think, give a fair approximation to the real mileage rates, had the 
season been favourable, although I am of opinion that further improve- * 
ments in the order of working indicated by the experience gained and 
the entire use of wood-fuel will, when carried out, very materially reduce 
these rates, in future operations. 

The 57th mile was laid with granite metal, 4 inches thick and 12 feet 
wide. 



Digitized by VjOOQ IC 



212 



METAL CONSOLIDATION BT ST BAM ROLLERS 



Table G. 

Showing actual expenditure on the 57 th mile at Korai by Steam Road 
Boiler, and comparison with hand labor* 



fiTBAx Roller. 



Head of Abstract. 



Items of charge. 



Total 
Amount. 



HAND LABOR, 



Item* of 
charge. 



Total 



Establishment. 



Fuel. 

Carting and cut- 
ting np wood, pick- 



bs. A. p. 

Steersman's pay 20 15 10 
Stokers do. and 

sundry coolies 7 11 



BS. A P. 



28 9 



ing np f of the Wood, 70 maunds 



mile by machine, 
and rolling the 
whole six times. 



Coolie labor. 

Spreading metal 
and moorom and 
picking np J oi 
mile. 



Carting and cut- 
ting np wood 24 14 



at 0-6-0 per md. 26 4 



Spreading metal 89 8 

Da raoornra 6 

ajPicking np \ mile 

by hand picks 4 



A. P. 



BS, A. P. 



51 2 8 



51 8 



Picking np 
1 mile, 

Spreading 
metal 1 mile, 
Da moo- 
nun 1 mile, 

Ramming 

and watering 
1 mile, 



16 

89 8 

8 

248 18 



Incidental 
Charges— 

Baskets, ropes, 
oil, cotton waste, 
cleaning engine, 
&c. 



Incidental charges 18 9 



18 9 



NOKERCOOLlEa 

Keeping in repair. 



Keeping in repair 7 4 



7 4 



Keeping in 
in repair for 
2 months, 



80 



Total, 



151 8 



=0 9 8 
^lOOcJ 



Total, •• 



842 5 
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The earing on this mile taken singly, or Bs. 842-0-5-151*8 equals 
Bs. 190-18-0 on the average mileage rates of two past seasons; that the 
total saving per mile on the whole length only reaches Bs. 148-9-0 is 
doe principally to extra expenditure due to watering during exceptionally 
dry weather, going over the metal an excessive number of times with the 
roller where water was not met with, and the oost of having to go over 
much of the metal once with gangs of hand rammers. If from the total 
expenditure of Rs. 8,180-7-4 (see Table B.), we now deduct Bs. 151-8-0, 
the expenditure on the 57th mile, and divide the remainder by 15 (the 
remaining number of miles), we have for the average mileage rate of these 
15 miles, Bs. 201-15-0. Taking a mean between this and the expendi- 
ture on the 57th mile, we have ?gldg±+igl±g = Rs. 176-11-6, and 

Rs. 342-5-0- Rs. 176-11-6 gives us a saving of Bs. 165-9-6 per mile. 
The cost of the roller may be taken at • • • • Jla. 6,000 

To this add interest at 5 per cent for two years • • „ 800 
And allow for repairs Rs. 400 per year for 2 years, a 

very ample allowance, •• .. .. .. „ 800 

Total Rs. 9,600 
We find that, saving Bs. 160 per mile, the steam roller will pay off all 
charges after rolling 60 miles of metal in two years, supposing her to roll 80 
miles in one rainy season, an amount she could undoubtedly do. Mr. 
O'Callaghan estimated the work of the roller at a mile a day, this might 
no doubt be done under the highest favorable circumstances, and with all 
the minor operations in perfect accord ; but the roller also picks up the old 
road in addition to rolling the metal, this operation cannot be done in less 
than half a day, so that I am of opinion that it is not safe, taking all the 
contingencies of working into account, to expect more than an average of 
one mile in two days. 

This season the roller was actually at work on the metal either picking 
or rolling, and including going and coming from her work, for 64 days, 
which for 16 miles gives us but one mile in four days; but this can- 
not be taken as a fair test in this respect, owing to the extra number of 
times she was taken over the metal dry and the variety of delays caused 
by what may be called experimental trials of the machine in a number of 
different ways. Both as regards the general order of the working and 
the manner of laying and watering the metal and moorum, much experi- 
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ence has been gained, and on roads where, as at present on the Northern 
Road, there is no objection in laying down half a mile, or a mile of new 
metal in advance of the roller, I should consider a mile finished in two 
days as a fair and reasonable amount of work to expect ; bat I should 
hesitate in assigning more than this. 

As before stated, the fuel used during the progress of the work con- 
sisted of proportions of English, Chhindwara, and Ghanda coals, and fire- 
wood. The total quantities of each kind consumed are shown in my 
Table B. Actual and careful observations taken by Mr. Davidson and 
recorded in his Table I. show the relative economic values of each of these 
fuels, at their present relative costs. In terms of work done Mr. David- 
son's Table shows that their relative values are as follows : — 

Maunds. 
English coal, •• .. 1 j 

Cbandaeoal, , \ \ One mile oncerolled. 

Chhindwara coal, 4 i 

Wood 4 1 

That is, one maund of English coal will do the same work as two maunds 

of Ghanda and four of Chhindwara coal, and four maunds of wood. 

Their relative economic values will therefore stand as follows : — 

Mean rates at 
site of engine 

Including car- Boonomio ] 
rlageandcnt- Tallies 

ting in the 
oaeeof wood 

Maunds. BS. ▲. P. RS. A. P. 

English coal, .. .. 1 at 2 8 9 = 2 8 9] ^ 

Chandacoal, .. .. 2 at I 6 8 = 2 12 6( l| 



Chhindwara coal, .. .. 4 at 165=5 9 8[ 
Wood, .. .. .. 4 at 7 6 = 1 14 OJ 



2 



From this it will be seen how much the actual opst of the season's 
working has been increased by the use of the coals employed. A reference 
to my Table B. will show a consumption of 282£ maunds of Chhindwara 
coal. This coal, I need hardly remind you, was that received in transfer 
from the Nagpur Division ; though it had suffered by long exposure, and 
was in every way inferior as a fuel, it was undoubtedly economical to use 
it at the stock rate of Bs. 1-6-5 per maund rather than to allow it to 
deteriorate further and become useless ; but at the same time I must not 
omit to point out how its employment at the stock rate of Bs. 1-6-5 per 
maund, and its low relative valae us a fuel, has affected the working rates 



Digitized by VjOOQ IC 



METAL CONSOLIDATION BT 8TBAX ROLLERS. 215 

of consolidation, and consequently the saving per mile that might have 
been shown had wood been employed in the place of it. The small quantities 
of English and Chanda coals used, act also in the same way, they were used 
altogether experimentally, not to show the greater economy of wood (as the 
prices of fuel at present stand), of which there had been no doubt, bnt as 
an independent experiment for the purpose of contrasting the value of 
good English coal and that from the new Chanda coal fields. 

It will be worth while however, if, in the place of the coal consumed by 
the steam road roller, we substitute the equivalent quantities and cost of 
the wood that might have been employed, so as to show what might have 
been the mileage saving (other things remaining the same) had wood been 
used, and consequently what may be done in another year's operations. 



English coal, 
Chanda coal, 
Chhindwara coal, , 
Wood, 



at 7 annas 6 lie = Ra 414-13-6 
As, however, if wood had been used throughout, some further expendi- 
ture would have taken place in cutting up the extra quantity and for 
carting, owing to its greater bulk as compared with coal, we may allow 
another anna per maund, which will be outside the mark ; we shall have 
therefore 885 maunds at 8 annas and 6 pie per maund, equal Us. 470-2-6. 
Now the total actual expenditure for fuel (see Table B.) is Us. 740-8-8 ; 
the saving, therefore, that would have been effected if wood fuel 
had been entirely used, other things remaining the same, will equal Bs. 

770.8-3 - Rs. 470-2-6 = Rs. 270-5-9 and 1 ^ 27 ?"*? = Rs. 169 

16 No. of miles 

(say Rs. 17) so that the mileage rate (see Table A.), instead of being Rs. 

198-12-0, would have been Rs. 182-12-0 only, or a total saving on the 

average mileage rate for two past seasons of Rs. 159-9-0, instead of Rs. 

143-9-0, the actual saving per mile on the whole work. Again, if the 

wood had been purchased direct on the road, instead of being charged at 





Equivalent 


Total used. 


quantities 




of wood. 


Maunda. 


Maunda. 


41-5 X 4 


= 166-0 


695 X 2 


= 119-0 


282-6 X 1 


= 282-5 


3175 X 1 


= 317-5 


Total mannds, 


.. 8850 
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the stock rate, 5 annas per maund, including cartage, would have been 
ample. We should therefore have had 885 mannds at 5 annas, equal Rs. 
276-8-0. This would haye given us under head "Fuel" a saying of 
Bs. 464, equal to Rs. 29 per mile more than the actual saying, that is to 
say, a total of Bs. 172-9-0 per mile less than old mileage rates by hand 
labor. From these figures it will be seen how much the actual rates per 
100 cubic feet or per mile haye been increased by the circumstance of 
using coal at its present value, and wood at stock rates instead of by direct 
purchase. 

That the sayings on the 57th mile (as shown above) reached Rs. 
190-15-0 is due to the circumstance that being consolidated for the most 
part under very heavy rain, little expenditure for watering and extra ramm- 
ing after the roller left it took place ; and, moreover, the number of times 
the roller was taken oyer the metal reached a minimum. A glance at Table 
O. will show that this saying might have reached oyer Rs. 200 per mile. 

The amount under head of Abstract "Establishment" is very large, 
viz., Rs. 28-0-9, or 9£ days' pay of steersman and stoker, and attendant 
coolies, instead of two days' pay, equal to about Rs. 6-0-0, in which time 
the mile might have been finished ; that it was not so, was due to the 
mile being the first one commenced. Each of the separate operations of 
picking up and spreading metal and rolling with the machine did not at 
first fit into one another so as to cause a minimum of delay, and any such 
delay or waiting of the roller will necessarily augment the sub-head of 
Establishment. 

Before closing this part of my report I cannot avoid quoting the follow- 
ing paragraphs from a " Report on the economy of road maintenance 
through Steam Road Rolling, by Frederick A. Paget, Esq., C.E. " At 
page 29, Mr. Paget states, that according to particulars furnished by Mr. 
Philip H. Wall, the Engineering Agent in England of the Calcutta 
Municipality, of trials made in India with the steam road roller by the 
Engineer to Calcutta Municipality, " The rolling of 44,681 square yards 
cost £146 4*. 6d.;" reducing this, I find it to equal about Rs. 280 per mile, 
of 12 feet roadway. Our actual expenditure has beenRs. 198-12-0 per 
mile, including keeping in repair for two months ; but would nearly equal 
the above figure if the driver's pay for three months, — equal to about Bs. 
500, or Rs. 81 per mile,— be added, this being probably included in the 
above quotation. 
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Mr. Davidson in his report having given the results of his observations 
on the economical values of the fuels used, and the manner of treating the 
Native coal, it will not be necessary for me to enter farther into the mat- 
ter under this head. 

Under this heading, I propose treating each detail of the work separate- 
ly, so that the results of the experience gained on each operation may be 
condensed in order. 

The operation of picking up is carried out by inserting spikes projecting 
4 inches from the circumference of the forward rollers into holes provided 
for the purpose ; the spikes are secured by nuts with washers on the inner side. 
The old road is very effectually picked up by this arrangement, the whole 
surface being completely loosened. A few men with the points of their 
picks can afterwards easily rake the whole surface into a mass of dis- 
jointed stones. The work is somewhat trying to the engine, requiring 
extra care both in driving and steering. It was found (as in fact was 
expected) that this operation is best carried out during dry weather, and 
it should not be done on rainy days if it can be avoided. 

The engine can pick up a mile in about half a day, including time for 
fitting in spikes and taking them out again, at an average cost (using 
wood fuel at 6 annas per maund, of which she would burn about 15 
maunds) as follows : — 



B8. A. p. 
Establishment and storey half a 

day, 2 8 

Fuel, 15 maunds, at 6 annas s 5 10 
Pickmen to rake together loosen- 
ed road, 4 



Total ..12 2 



Ordinary hand picking costs about Ba, 
16 per mile on an average; a saving of 
about Rs. 4 per mile is therefore effected 
by this operation, or with wood at 5 < 
per maund, Bs. 5. 



Independently of the money saving, the work is undoubtedly done in 
a much more thorough and effectual manner, and it would probably pay 
to do it even if it cost more than the hand picking. 

In order that continuous work over a considerable length of road may 
be carried on with a minimum of delay to the roller and the max imum of 
economy, it is evident that the number of coolies employed in spreading 
the metal and binding material must bear an exact proportion to the work 
of the roller in picking up and rolling, as regards time taken in doing 
equal lengths. The roller should uninterruptedly be able to work either 
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at one operation or the other for the full number of hours in the day, and 
the coolies should also be able to work without interruption the same 
number of hours. That this may be done it is evident that the roller 
should pick up a greater length of road in the course of the day than she 
rolls, in order that the gang may have a picked up portion on which to 
spread metal during the last hours of the day, whilst the roller is consoli- 
dating the portion immediately behind, and also that they may be able 
to begin spreading on the following morning at the same hour the roller 
commences picking up in front. The utmost economy depends upon a 
due apportionment of the number of spreaders to the work of the engine, 
so that the latter may never have to wait for the metal being laid down, 
or the former to wait for the old road to be picked up. 

The time necessary for fitting in and taking out the picking up spikes 
is of course curtailed if the engine divides the day proportionately between 
the two operations, completing the necessary length of picking up in the 
first part of the day and then rolling until evening. The following Table 
will, I think, show an apportionment of a day's work approximately 
correct: — 



Order of operation* of engine 


No. of hours 


Order of operations of Coolici 


Getting up steam, fitting spikes, 






and picking np one mile of old road, 


H 


Coolies lay down nearly half mile. 


Taking oat spikes and rolling 






and finishing a half mile, 


8 


Coolies lay down oyer quarter mile, 
making in all three-quarters of a 
mile. 


Further rolling and finishing a 






quarter mile. ••• 


1} 


Gang will work on the remaining 
quarter mile picked, probably doing 
about half and leaving the rest to be 
recommenced on the following 
morning. 


Total, 


10 





From this Table it will be seen that the effective day's work will con- 
sist of one mile picked up, about £ths of a mile spread, and £ of a mile 
rolled and finished. It must be borne in mind, however, that in a long 
length of road, although Jths of a mile finished per day may and will be 
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frequently done, yet many causes of stoppage of the regular order and 
continuity of the work must frequently occur. Such, for instance, as (1), 
occasional repairs or adjustments of the engine ; (2), feast days and holi- 
days when the full gangs cannot be collected, (3), very wet days, when 
they refuse to work ; (4), very soft or yery hilly portions of road : (5), if a 
European Driver is employed, the difficulty of his always working the full 
ten hours per day, owing to the time he expends in having to go perhaps 
three to five or six miles to the nearest Road Bungalow for his meals. 
These minor causes of delay will, when added together, in a whole season's 
working materially affect the average length of road finished per day, and 
therefore, as before stated, I do not think that in practice over a long 
length of road it would be prudent to base calculations on more than from 
£ to ^ mile completely finished per day. Allowing 90 days in a monsoon 
working season, this gives 45 miles per year as the maximum of work to 
expect from one roller. 

Turning now to the Table, we find that the coolies must spread nearly 
half a mile of metal, say 2,600, feet in 5£ hours; allowing that one man and 
two women will do 40 feet in a day of 10 hours, we shall require a gang of 
117 men and 234 women, independent of those required for spreading 
the moorum and for watering. 

The experience gained in the actual working this season appears to 
show that it is better to put down the moorum in several instalments ; after 
heavy watering much of the moorum is washed into the metal and towards 
the sides of the road, forming a liquid mass ; at first this should be swept 
back as much as possible over the drier portions. At first I was of opinion 
that more moorum than that usually allowed for hand consolidation would 
be required in consolidating by the steam roller, in consequence of the 
losses above referred to, but subsequent experience has shown that with 
care and proper management the usual quantity is ample, or even less 
than the ordinary quantity, say one-fifth the volume of the metal might 
suffice if the rolling is done in rainy weather without artificial watering. 
The quality of the binding material requires more particular selection 
than in the case of a hand made road. In European examples I find fine 
sharp sand is recommended ; this, although it would undoubtedly be the 
best so far as the roller is concerned, would be objectionable in a hot and 
dry climate such as India ; pore debris of rock should alone be used, very 
particular attention being paid to its being perfectly free from earthy or 
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clayey particles, as any small admixture of these renders it almost impos- 
sible to roll down, from its sticking and clogging on the rollers and 
necessitating great quantities of water to wash away the impurities. 

Daring the course of the work a number of different experiments were 
tried as to the best methods of proceeding with this work. It has been 
found best to roll down the metal two or three times, in the 1st instance 
dry and without moorum, this has the effect of compressing the road 
together and turning the angles of the stones downwards, leaving flat sur- 
faces ; about one-third of the moorum should now be laid down and well 
watered, if sufficient water be not added, the binding will adhere to the 
rollers and bring up large patches of metal with it, tearing up the road 
and rendering it exceedingly difficult to manage afterwards ; it has been 
found that the proper point of saturation is only reached when the water 
will lie on the road forming a kind of banked up ridge in front of the 
rollers as they more over it. Far greater economy will be effected by an 
unsparing use of water than by suffering the delays and inconveniences 
due to a pasty and sticky condition of the moorum. Watering, therefore, 
must form in a dry season a considerable item of the expense of consolida- 
tion by the steam roller ; this charge has not been experienced to so great 
a degree in England, owing to the naturally moist climate, the use of fine 
sharp sand for binding, and the fact that the operations hitherto carried 
on having been in or on the outskirts of towns, a supply of water from 
the mains is both easy and comparatively inexpensive. After the first 
instalment of moorum is laid the remainder is added at those points where 
it has been washed in or towards the sides of the road, and the watering 
is plentifully carried on until an average of six or seven rollings completes 
the consolidation ; should water be difficult to procure in proper quanti- 
ties after three or four rollings, rather harm than good will ensue if the 
rolling be continued dry ; nothing, therefore, in this case can be done, 
but either to procure the necessary quantity of water, or to finish the 
work by hand labor ? the previous three or four rollings and the conse- 
quent well compressed state of the metal renders this a comparatively 
easy matter. Regarding the question of water, it must not be forgotten 
that in ramming metal by hand, a quantity per given length equal to that 
required by the roller may be requisite, but it is needed in small quantities 
extending over a long time. No greater absolute quantity may be required 
by the steam roller, but she needs it in large quantities for a short time; 
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thus, taking the quantity of water necessary to be supplied in one hour to 
a gang of hand-rammers, the amount to be supplied to the road in front 
of the steam roller in the same time will be as much greater as the speed 
of the machine is greater than the speed at which the gang of rammers 
will advance, or as, say, two miles to fifty feet, or thereabouts, or over 
200 times as much water in the same time ; the total quantity of water 
used in both cases remaining the same. 

In a dry season, therefore, the supply of water becomes a very import- 
ant item. This year two ordinary watering carts (such as used for 
watering station roads) were employed, but proved to be quite insufficient 
for the duty required, both as to capacity and faoility of movement on 
newly laid metal ; a greater number constructed so as not to require turn- 
ing would undoubtedly prove of service and better in every way than 
watering by hand, and should certainly be provided next year. On an 
important road, where it was desired for several years to consolidate the 
maximum length capable of being done by the roller in one season, a 
traction engine and pump for watering purposes, as suggested by Mr. 
Davidson in his report, would prove as much a necessity as an economy. 
A sun awning with purdahs more completely shutting in the sides of the 
roller should be provided for future work, together with the minor altera- 
tions suggested in Mr. Davidson's report. In order to provide better 
against the sickness which the arduous nature of the work in the most 
unhealthy season of the year entails, all the Native engine establishment 
should be supplied with tarpaulins or some good waterproof coverings. 
The provision also of some kind of moveable habitation for these men, 
would also add much to the effective number of working hours, preventing 
the necessity of their having to go at night, often many miles, to the 
nearest shelter. The steering of the roller being a work requiring some 
skill and practice it will be advisable to instruct as many of the Native 
establishment as possible, so as to provide substitutes in case of sickness. 
This season frequent trouble and delay was caused by steersmen becoming 
sick just when they had begun to steer properly. 

G. W. MacG. 
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Report by J. Y. Davidson, Esq., Assistant Engineer, Komtku 

The Steam Road Roller which has been at work on the Northern road 
during the past monsoon is one of two which arrived in the Division last 
year, both having been made by Messrs. Aveling and Porter. 

This Roller is 6-horse-power nominal with a boiler of the " Locomotive 
type." The cylinder is on the top of the boiler, the connecting rod work- 
ing on to a crank shaft with a pinion on one end working a second motion 
shaft, this shaft again communicating with the axle of the front rollers by 
a pitched chain, the result of this combination being 20 revolutions of 
the engine to 1 revolution of the front rollers. The trailing rollers carry a 
torn-table over which the framing of the engine is placed, this arrangement 
enables them to be turned by a steering wheel attached to the turntable. 

Holes are provided in the front roller for spikes which extend four 
inches radially, and are fastened by nuts on the inside. The Feed pump 
is supported on an overhanging bracket cast, on the bracket of the second 
motion shaft a coal box or bunker is supplied capable of holding three 
maunds of coal (English.) The total width covered by all rollers is 6 feet. 

A detailed description of the whole machine is unnecessary, and with- 
out drawings would be unintelligible, the* Photographs taken some months 
ago show the general design. As however, the above named parts of the 
engine must be frequently alluded to in this report, I have attempted a 
slight description of them. 

The roller was erected on the North bank of the Kanhan, 10£ miles 
from Nagpur, and early in June was sent to Korai on the 58th mile, to 
await the commencement of the working season. No difficulty or acci- 
dent of any kind was experienced during this journey. The waggon made 
in the workshop of the division was drawn by bullocks for the first IS 
miles. The road for the greater part of that distance being of soft 
kunker metal. 

The total weight at starting from the village of Amri, on the 14th mile 

Tern*. CM. 

Weight of roller, „• ••• 15 

Da of waggon, 1 10 

Do. of coal, ... ... 1 10 

Btorea, scales and tools (about) S 

Total about ... IS 8 
• fftfeFrgofclfpteoe and Flats XV|. 
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The heaviest incline to be ascended, travelling in a Northerly direction 
is at Manser on 26th mile, which is 1 in 19, the 27 and 28 miles are 
comparatively level, and the 30th and 31st have inclines varying from 1-30 
to 1-16, this latter being a descending one going northerly. 

The actual rolling work began on July 19 th, during that and the two 
previous days so much rain fell that very few of the people would work ; 
about a quarter of a mile of metal had been spread, and on this I thought 
it better to begin roiling, although we had few people to continue the 
spreading. 

After passing the roller four times over each part of the road, the metal 
was found thoroughly compressed, and no good results were perceptible 
after a fifth trial, — I hare no means of accurately judging the quantity of 
rain that fell from 2-45 p. m., when we began rolling, until 4 p. m., when 
we left the roller for the night, but as it was heavy even for the monsoon, 
season it may be taken at 1 inch. 

The next morning the heavy rain still continuing no coolies were at 
work, it was determined to try the picking up spikes. 

The wooden plugs in the spike-holes some of which were put in in 
England, and some here during the hot weather, were expanded by the 
rain, so that the greatest difficulty was found in getting them out; after 
about 2 hours work the spikes were in and the picking up commenced : the 
wooden plugs have not been used since, the work being done equally well 
without them. 

I then found from actual experience that, as I had expected, the wet 
weather is not the best for picking, for two reasons ; the ground does not 
crack sufficiently, and the holes are filled up by the pressure of the trail- 
ing rollers passing over them. 

After a short time it was found that the coolies employed on the en- 
gine were quite unfit for work, on account of the long exposure to heavy 
rain, and some of the wood which had been stored in the wagon saturated 
to such an extent as to render it almost impossible to keep steam. 

Various circumstances quite unconnected with the roller delayed the 
work, so that it was the end of the month before this mile was finished. 

Scarcity of coolies caused by the demand for field labor, heavy rains, 
and feast days, are some of the difficulties met with at first starting. 

On 23rd July, the first quarter mile was topped with moorum, and early 
on the morning of 24th was rolled again during a tolerable heavy shower ; 
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a few women were employed with the ordinary country " Gnrrahs" to 
throw water on where the topping was liable to stick to the rollers. After 
going twice over thef road it was found to he perfectly consolidated ; this 
with previous rolling made six times the road was rolled. 

The remainder of this mile was finished without any artificial watering, 
and has remained in excellent order eyer since. 

I have submitted the details of these, the first few days work, at some 
length, as they were the only days that we had seasonable weather. From 
28th July until the 6th September we had no rain, and you ordered the 
work on the other miles to be finished by hand. 

The dry weather experienced in the months of August and September 
has been a cause of great additional expense and labor, so great had the 
scarcity of water become in the latter month that it was only with difficulty 
enough could be got for the engine : there is, however, little doubt that 
more experience has been gained and more reliable data arrived at, than 
if the monsoon had continued without intermission, when difficulties aris- 
ing from scarcity of water would not have presented themselves. 

Four kinds of fuel were used during the season viz., Wood, Chanda 
coal, Ghhindwara coal, English (Hartley steam) coal. 

The details of the average working with each of these kinds of fuel 
with the number of miles on which accurate record was kept by each kind 
may be stated as follows :•— 

Table of consumption of FueL 

Table I. 



Description of Fuel 



.Number of 
miles 



Number of 
times tra- 
velled over 



Average per 



lmile 
once 
rolled 



Stock prioe 

per 

Haund 



Goat of fuel 

lmile 
rolled once 



Wood, 



)Chhindwara, 
Chanda. .. 

8 1 



[English, 







Maukds. 


Maun Da 


BS. A. P. 1 


5 


6 


461 


768 


6 


4 


4 


80-6 


7-65 


14 


8 


4 


15-2 


88 


1 4 


2J 


6 


11-0 


1-88 


2 2 



BS. A. P. 
2 14 1 

9 9 

4 12 

8 14 4 



In the last column the cost is shown of rolling a mile once, which with 
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a roller 6 feet wide on a 12 foot road equals two miles actually travelled. 
I think this will give more reliable data than taking a mile actually con- 
solidated which will always be affected by a variety of circumstances such 
as the state of the weather, and the nature of the foundation of the road. 
The prices given are those at which the different kinds of fuel stand in 
the stock books of the division, and are rather higher than the market 
rates. If wood had been bought at the villages on the road and used as 
required, the cost would have been 4 instead of 6 annas per maund. 

Of the 16 miles operated on, five miles had a 4-inch coat and eleven 
had a 3-inch coat of metal equal to 2,783-100 cubic feet, and the expen- 
diture up to the 1st October was Rs. 1,142 for spreading and incidental 
expenses, or an average of Rs. 0-6-6 per 100 cubic feet. From this and 
the Table of consumption of fuel given above, allowing one mile per day 
to be rolled six times, and adding Rs. 5 for engine expenses, we get a 
comparison of cost of steam and hand labor : — 

Table II. 



Total engine 
expenses 
per mile 



Per 100 cubic 
feet 



Spreading 

of 100 cabic 

feet 



Total per 

100 cubic 

feet 



1 Mile with wood, 

Chhindwara coal, 

Chanda coal, 

English coal, 

If wood had been brought as required, 



B8.A.P. 


BS. A. P. 


E8.A.P. 


22 4 6 


2 


6 6 


62 6 


5 8 


6 6 


88 8 


8 1 


6 6 


28 6 


2 7 


6 6 


16 8 4 


16 


6 6 



BS. A. P. 

8 6 

12 2 

9 7 

9 1 

8 



The rate for consolidation by hand in this division had never been un- 
der Rs. 1-8-0, including keeping the road in repair for two months. 

The results are independent of any expense for taking the roller from 
Kamthi to Korai and back again, and also for going over intermediate 
distances, as such expenses will always vary, and if taken into account in a 
record of experiments would give a fallacious result. As an example, on 
August 20th nine miles from Deolapar to Ohorbowlie were travelled in 5 
hours with 14 maunds of wood, being at the rate of one maund 22 seers 
per mile. The speed was two miles per hour and half an hour was due 
to a stoppage for water. The difference of levels being 166 feet. 
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I would, however, state tbat these results most not be taken as the best 
that may possibly be obtained from the country coal, especially the Chanda 
coal, which if fired and treated like English coal gives bat a poor result. 
When first tried in the roller on fresh metal it was only with the greatest 
difficulty, and with frequent stoppages that steam could be kept up at all, 
the fire bars were then placed wider apart, the ash pan removed, and the 
blast cock kept open, the result was a saving of 25 per cent, in the con- 
sumption, an indirect but considerable saving was also effected in time in 
getting up steam. With fire bars arranged as for home work, the time 
required for this work was nearly l£ hour, but when altered as stated | 
of an hour was enough ; on one occasion I timed it and the pointer of the 
Gauge moved from lbs. 20 to 50 lbs. in 2£ minutes. From this I have 
little doubt but that more experience with this coal would enable us to 
considerably reduce the difference in performance between it and English 
coal. 

The Chhindwara coal is not in many ways so difficult to manage as the 
Chanda, but its liability to clinker is its great fault ; any required degree 
of heat can however be obtained at first, but it is found that as more fuel 
is added the heat is diminished and steam goes down, on account of the 
thick clinker on the bars and which requires considerable force to remove 
it. 

With the exception of a few pieces here and there all the road was 
picked up by the Roller. The way in which this is done by the spikes, 
already alluded to, is most effective and simple, starting from a given 
point, say a mile stone, and making two double trips, that is going twice 
up and twice down, the whole surface of the road 12 feet wide, is com- 
pletely broken up and might be easily dug up with a spade. 

This operation, however, requires great care both from driver and 
steersman, the former must have plenty of steam and open and shut his 
regulator as the spikes get on hard or soft places, and meet with greater 
or less resistance. If this is not attended to, and the engine allowed to 
run, a great strain and sudden jerks will be thrown on the working parts 
which is not advisable. Even with very careful driving this is unavoid- 
able to a certain extent, but all danger is avoided by care. 

On accurate steering also a great deal depends, more even than in 
rolling, as the spikes have a tendency to throw the roller slightly to one 
aide. If this is not quickly counteracted, the holes in the road become 
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irregular, or in other words part of the road remains unbroken. Altoge- 
ther picking up is hard work for the engine and the people employed on 
her, especially when breaking ground for the first time and in warm 
weather. In some places where the road is harder than usual the spikes 
scarcely enter the ground at all at first, and this is the time of greatest 
trial, each successive trip becoming easier and easier until the whole is 
broken up. 

The indirect saying effected by this operation will I think be greater 
than can be shown at first, but I have little doubt you will find the bene- 
fit to the road is in indirect proportion to the honest work of the steam 
roller, compared with the " scamped," and uncertain work of coolies. 

Comparison of cost of picking by hand and steam labor. 

B& AS. p. 
100 coolies ® 2J annas per day, will pick np about a mile, 15 7 
f For wages and stores 4 day, men, 



n^ii*. J picking after the roller, 6-8-0 

ttouer ..^ Wood> fo€l> @ 6 wanBB ' mannd) 

roller travelling 4 miles lineal, 5-12-2 

12 4 2 



Wood, fnel, @ 6 annas per mannd, 
I roller travelling 4 miles lineal, 5-12-2 

Balance in favor of engine picking, 8 2 10 per mile. 



This is supposing that each cooly does over 50 feet, and the roller onlj 
picks up at the rate of 2 miles per day, which is as much as it is advis- 
able to pick up at one time. 

On the morning of 5th September I had a quarter of a mile measured 
off on 27th mile, where the road passes close to the tank at Kandrie, 
with the intention of ascertaining the exact cost of artificially watering, 
and at the same time making a thoroughly good road. For this purpose 
16 women at 7 pice per day, and 7 men were employed with 21 gurrahs, 
and the time occupied was 5 hours. 

This delay was principally due to the fact that only two men can put 
water on at once with good effect, when the engine arrives at a place 
where very little has been thrown down, it must stop for a time, or go 
back some distance; the latter is the better course as the steam is used 
instead of being wasted. 

Speed on the level is 2 miles per hour. 
5 hours x 2 = 10 miles distance due time. 
10 x 4 s 40 quarter miles lineaL 

40 

— = 20 times over whole road. 



Digitized by VjOOQ IC 



228 METAL CONSOLIDATION BT 8TB AH ROLLERS. 

As we know that with plenty of rain, as on the 57th mile, six times is 

20 
enough, the roller travelled on this occasion — = 3*334 times more than 

necessary, and consumed therefore 3*334 times more fuel than was re- 
quired. If we take the present Bazar rate of wood, viz., 4 maunds per 
rupee as a standard, we have the following data : — 

Six times over whole road for one-fourth of a mile = l£ mile lineal. 

Fuel 7*69 maunds per mile, @ 4 maunds per Re. = 11*52 maunds = 
Rs. 2*88 per £ mile. 

= 2*88 Rupees for one quarter mile finished without hand watering. 
2*88 Rupees x 3*334 = Rs. 9-6 per £ mile finished by hand watering. 
9-6 — 2-88 = Rs. 6-72 excess per £ mile finished, 6*72 x 4 = 26*88 
excess per mile for fuel. That is at the rate of Rupees 27 nearly per 
mile for fuel, more when hand watering than when watering from rain fall. 

Independently of expense there is the time taken up ; a most import- 
ant consideration when the short working season is considered. 

A length of road on the 25th mile was picked up, spread and rolled 
with water, in the presence of Chief Engineer and yourself; as this was 
done purely for experimental purposes it cannot well be taken in compar- 
ison of cost. 

Water in rivers running at right angles to the road must I submit be 
looked upon as utterly useless for consolidation by a steam roller with our 
present appliances. I tried the experiment on the 41st mile, but the re- 
sult was so extravagant that in a very short time we stopped and put the 
people on to other work. 

Under any circumstances, one great objection to hand watering is the 
danger to the people employed. The necessity for giving a curved sur- 
face to the road, makes it advisable to have the water thrown on as close 
to the roller as possible. To do this a man must walk backwards at the 
rate of two miles an hour within a foot or two of the roller ; should he 
slip the consequences would probably be serious. Further most of the 
water runs to waste; the work has to be done quickly and is unsuited to 
cooly labor, and could not be safely carried out at all unless under the 
supervision of Engineers or skilled European subordinates. 

The two water carts with iron tanks fitted with 1£" pipes of the usual 
pattern were sent up, and tried on the 45th mile ; but the water being 
very dirty the pipes were soon choked, and had to be discontinued for the 
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time. On the 41st mile they were tried again with slightly better results, 
as the water was clearer, in other ways the result was not satisfactory. 
Their weight when fall of water is too much for an ordinary pair of bul- 
locks on fresh metal, who, try to go on the earthen sides of the road 
where the resistance is less, or if prevented from doing that lie down on 
the road. Half filled carts were tried, but with little better success. Th» 
necessity for turning round frequently, the obstinacy of the bullocks made 
worse by their fear of the engine, rendered the whole proceeding nearly 
useless. 

Having endeavoured to show the extra cost of watering by hand labor 
under the most favourable circumstances, and the impractibility of watering 
with an ordinary water, cart, it is perhaps unnecessary to point out the 
difficulty, with our present appliances, of using water at any considerable 
distance from the road. The question then arises, is " Steam Rolling " 
unsatisfactory on the Northern Road except on a wet day ? I think not 
with water carts, which could be made up in the workshops of the Division, 
and drawn by a 4 horse-power traction engine : even in a dry season like 
the past, at many places along the road, water in sufficient quantities can 
be obtained to keep the roller at work and at her full speed. It would 
be necessary to make the carts so that they could be drawn in either direc- 
tion, turning on a narrow newly metalled road being undesirable. An 
engine if fitted with a pump, could fill the carts if the water was 100 feet 
from the road side or from a stream 20 feet below. During wet weather, 
water in abundance can be had within less distances than these, and should 
there have been no rain for a day or two, the ground would be sufficiently 
hard to enable the Traction engine to leave the carts, go any distance 
from the road, and fill the carts through a hose ; or pump the water on to 
the road direct, according to circumstances. 

An engine of this sort could be used for general work as a portable 
engine for driving pumps, or as an ordinary traction engine, during the 
rest of the year. It could also be employed in transporting the coal for 
the use of the roller before the monsoon season, with more certainty than 
can be done with country carts which frequently break down, and lose a 
considerable part of their loads. I may be permitted to say, in conclud- 
ing this part of the subject, that much better results would have been 
obtained, and a considerable sum of money saved to the Government of 
India, if, in their numerous notices and circulars, the makers of these 
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machines had given some hints, however vague, of the quantity of water 
required for consolidation purposes. The use of these machines is quite 
new even at home, and when I was ordered to watch the performances of 
this one and report upon it, I sought in vain for any information on this 
most important point. In the published copy of Mr. Avelings' paper 
read at the society of mechanical Engineers this year, the subject is only 
casually mentioned although the other operations are accurately described. 

When the steam Roller returned to Kamthi, the rollers and other 
heavy portions were disconnected and wagon wheets having been placed 
under the boiler and engine it was brought over the temporary Bridge 
into the Eanhan workshops for examination, repairs, and painting ; this 
last being greatly needed, some of the parts having rusted considerably. 

With a few exceptions she is well adapted for work. The awning or 
cover shown in the Drawing is not large enough, it ought to be wider, 
and longer, with curtains at the sides to keep sun and rain off the men 
without interfering with their movements. 

The engine itself is strong and well proportioned and, as might be ex- 
pected, shows no symptoms of wear as yet. The original spur wheel for 
the second motion shaft was broken in the voyage out. The one now in 
use was cast in Bombay and is not very well adapted for its work ; the 
teeth are not suitable for those of the pinion, consequently both have worn 
considerably and more than should be for one season's work ; it is possible 
that both wheel and pinion may work for another season, but a safer way 
would be to get a new one from Messrs. Aveling and Porter before the 
monsoon. The bearings of both sets of rollers ought to have been fitted 
with brasses and better means of lubrication given. The front ones es- 
pecially have worn down considerably into the white metal, so that the 
axle has been rubbing on the cast-iron saddle on which the bearings are 
cast. This can, however, be remedied for next season's work, after which 
brasses should I think be fitted. 

The steering gear is hardly adapted for natives, and will I fear be a 
constant source of trouble for some seasons to come. It is not hard work 
for a European in a moderate climate, but requires a quickness of eye 
and hand combined with close attention, which it is difficult to find in the 
ordinary native. In an unhealthy season and on a road surrounded by 
dense jungle, like the Northern, the work is particularly trying; four 
steersmen were rendered unfit for work by fever in the first weeks of the 
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season, and others after they had been taught and could manage to steer 
tolerably well, refused to remain although paid much more than they could 
get elsewhere. 

In future engines an alteration in the position of the fire door would be 
advisable. This would enable a man to attend to the fire without interfer- 
ing with the driver, who could then have all his attention directed to the 
engine and be ready at any time to stop and reverse when required. This 
would be even more necessary were the speed of the rollers increased to 3 
miles an hour as purposed by Mr. O'Callaghan last year : in case of the 
roller leaving the road while going at that speed, the consequences might 
be serious if on high embankments, &c. 

A cock on the feed pipe close to the boiler is necessary, on this as on 
other engines at work in this Division where the water is impregnated 
with lime and other impurities : the cock should be made so that it can be 
used in three ways, viz., (1st), To shut off from the boiler and allow the feed 
valves to be taken out when steam is up ; (2nd), To allow the water to be 
blown out of the boiler to clean the inlet ; (3rd), When shut and the pump 
started to allow the cold water to escape and not burst the pump or pipes. 
When the feed pipe was lately taken off it was found that the hole was 
reduced to about half its proper area bj incrustation. 

The means of access to pitched chain for driving is inconvenient and 
would be greatly improved if the top part of the casing could be easily 
taken off and larger oil holes drilled in the links ; only a few links can be 
cleaned and oiled at one time, the engine has then to be moved and the 
operation repeated ; with a casing made as suggested above, about one- 
third of the chain might be exposed at a time and the work of cleaning, 
&c, more carefully examined. The boiler is well proportioned and being 
fitted with a man hole in the smoke box is capable of being easily cleaned 
and examined. The foot plate should be widened about 12" on each 
side. This I consider, almost a necessity for this climate. 

The position of the feed pump might also be altered with advantage. 
The bracket on which it is now placed springs preceptibly at every stroke; 
if from bad packing or any other cause, the plunger met with undue re- 
sistance, the bracket would be extremely liable to break off. A pump 
bolted on the boiler direct would be much safer. 

Priming frequently occurs when going up gradients with the trailing 
rollers first. It is just possible that the designers never intended their 
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machine to work in this way ; it is, however, absolutely necessary on onr 
roads, (only 12 feet wide as regards metal,) and the difficulty only requires 
to be brought to their notice to be remedied in future engines. A larger 
smoke box would be an advantage ; when working heavy gradients, the 
present one gets up to such high temperature as to endanger the lagging, 
and in one case this was set on fire. The chimney should be of wrought- 
iron, and not as at present of thin cast-iron, which is liable to be broken 
in many ways where a wrought-iron one would be safe. 

Besides the above, there are a few minor matters which would con- 
tribute greatly to the efficiency of similar machines and some of which 
might be advantageously applied to the one now in use; {or instance ; (1), 
A scraper on each side of the driving rollers ; (2), Steel instead of iron 
picking up spikes ; (3), Clutch gear instead of the straps and buckle for 
holding the pinion in or out of gear ; (4), Brass brushes for the driving 
roller bearings ; (5), The small rollers for supporting and guiding trailing 
rollers, put in more accessible or convenient positions ; (6), A blast cock 
which can be regulated from the foot plate. 

A movable hut for the accommodation of the natives employed would 
be extremely useful, the frame work and wheels only would require to be 
strong. The upper part of galvanized iron with little or nothing of in- 
ternal fittings would be quite sufficient for their simple habits. 

A considerable saving would accrue from a hut like this, when it is ne- 
cessary to stop the engine for the night several miles from a village in a 
district known or supposed to be haunted by wild beasts. In such cases 
the men not unnaturally like to reach a place of safety before dark, and 
they leave their work unless well watched, a considerable time before they 
should do so. 

For a similar reason, it is difficult to get up steam in the morning at an 
early hour : if the workpeople and firemen were hutted within a few yards 
of their work, the time available for rolling would be on an average two 
hours a day more than at present, and this nearly equals a quarter of a 
mile consolidated. 

A saving in wages of night wstchmen would also be effected, two of 
whom are now required. 

Some of the proposals and remarks which I have made above may ap- 
pear unimportant and superfluous at first, but when it is considered, that 
like all operations where machinery is concerned, the whole is only a 
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succession of details, the failure of any one of which seriously affect re- 
sults, my suggestions will I hope be approved. 



Appendix by G. W. MacGeorge, Executive Engineer, Kanhdn 

Division. 

In accordance with your verbal instructions, before being brought into 
Eamthi the steam road roller was tried on a short length of road laid 
with kunker metal on the 16th mile between Eamthi and Doomrie. The 
length laid down was a little over 1,000 feet in length, and the thickness 
of the coat of kunkur 4 inches resting on an old kunker road. I person- 
ally iDspected the whole of this operation, and I am of opinion that the 
results, although satisfactory, were not so much so in this case as when 
stone metal is employed. The metal used was that small hard field kun- 
ker found in generally round nodules averaging not more than an inch in 
diameter. The effect of passing the heavy roller dry over this metal was 
to bank it up considerably in front of the rollers, so much so as to render 
it at first very difficult to proceed, and the road afterwards somewhat 
uneven. After four rollings the pieces of kunker sufficiently hard to re- 
sist crushing were, owing to their round form, completely unbound. I 
then laid down moorum and well watered the road and repassed the roller 
over the length some seven or eight times, when, as the road appeared to 
be smooth and hard, the experiment ceased. A few days afterwards I 
found some portions had been cut up by the narrow wheeled traffic, but 
the general state of the metal was satisfactory; it has since required 
occasional looking after. I do not consider the experiment as in any 
way conclusive, as regards any decided inferiority of kunker used under 
the steam road roller, as compared with limestone or granite metal, 
as I think that in the experiment referred to the kunker was too small 
and round ; had pit kunker been used in large nodules I have no doubt 
that the roller would consolidate it rapidly and well. 

Close to Manser a short length (about 100 feet) of the road was laid 
down with fine river sand as a binding material ; this portion has remained 
in very good order ever since, and particular attention will be given to 
observe its effect under the hot weather; the employment of sharp sand 
from its not sticking to the rollers, is a great point in its favor. 

As regards the state of the whole number of miles of metal rolled this 
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season at tbe date of writing : From Doomrie to the 29th mile it has re- 
mained in Tery good order ; the 30th mile has given some extra trouble 
which I attribute to the circumstance that most of this mile was picked up 
by hand, in order that the roller might commence rolling directly she 
arrived from Deolapar; the 41st and 42nd miles, the 45th and 49th 
are good, and the 57th particularly so; altogether, comparing these miles 
with others done in other parts of the Division by hand labor, I think 
there can be no question that they are better (with the exception of 
the 30th mile), and require less repairs. After the hot season I con- 
fidently anticipate that the state of these miles will more fully show all the 
benefit they have received from the weight of the roller, and that they 
will last longer than those done by hand-ramming. 



Note by Offg. Chief Engineer. T. W. Armstrong, Esq., M. Ins. C.E. 

Nagpore, lit June, 1871. 

The Reports submitted by Mr. Mac George, Executive Engineer, and 
Mr. Davidson, Assistant Engineer, on the above operations, are so full, 
clear, and detailed, that I find I have hardly anything to add to them by 
way of explanation. 

The question of consolidating metal by 6team power is so important, 
that I do not hesitate to give the Engineer's reports in full. 

In the opinions expressed I concur generally, except that in cases 
where water is scarce, and the rains scanty and intermittent, it will be bestt 
I am confident, to roll the metal at first without any topping : and after 
this, to spread the moorum or gravel, and finish off by hand labor ; four 
or five rollings should suffice. 

This system is to be tried this year, and I believe the results will be 
both satisfactory and economical. 

It is very troublesome and tedious attempting to finish by rolling, when 
the topping is not what is termed slushed with water. In the absence of 
rain, a scanty supply of water renders the moorum or gravel topping sticky 
and greasy, it is then licked up in large patches by the rollers with masses 
of metal adhering ; this in a way destroys the consolidation effected before 
the topping was laid on. I do not think sand is fit for topping in this 
climate. 

I have already reported that I do not consider a steam roller suited for 
laying down first coats of metal on the fresh day banks of a new road ; 
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nor would it be a useful machine on a road which was not bridged gene- 
rally. If the roller was brought for work to a road, whose intersecting 
rivers and nullahs were unbridged, and the more numerous such gaps the 
more the delay and trouble, it would have to be taken to pieces at almost 
all of these breaks, unless temporary tracks were constructed across the 
beds; and if the rivers held deep water, shipping and unshipping the ma- 
chine, even when in pieces, is a slow process requiring careful supervision. 

These rollers are not, as I state, very suitable for consolidating first 
coats of metal. If this were attempted in the monsoon season, at any 
rate in this part of India, they would sink into the fresh banks of earth 
and simply stick then and there, — on old embankments, consolidated some 
time, this evil would be felt less ; but even on these, unless in compara- 
tively dry weather, delays and sinkings would be frequent. 

Once a first coat of metal is laid, then for all successive layers the 
rollers can be used, and I consider with considerable economy, much sav- 
ing in time, and sound honest work as the result. 

The Executive Engineer, in his report, 6hows the saving by steam 
rolling to be Us. 143-9-0 per mile, under rather adverse circumstances, 
which he explains. He states also that when circumstances are favor- 
able, the saving effected amounts to Us. 190-13-0 per mile over hand 
consolidation, and from these data he calculates that the steam roller 
recoups her original cost after consolidating 60 miles of metal, taking the 
average saving to be Bs. 160 per mile. This is a moderate and a safe 
calculation in my opinion. 

For certain reasons, not necessary here to explain, English, Chhind- 
wara, and Chanda coal were used for firing as well as wood. This has 
unavoidably run up the mileage rate for consolidation. The Executive 
Engineer however shows that if only wood had been used, Rs. 29 per 
mile would have been gained, bringing up the general saving per mile 
over hand labor from Rs. 143-9-0 to Rs. 172-9-0. 

When consolidation by the roller is carried out during sufficient rain- 
fall, the Executive Engineer in his report (vide Table C.,) states that a 
saving of over Rs. 200 per mile may be obtained over the cost of hand 
labor. 

Picking up the road before laying down the new metal is an indispen- 
sable operation. It is fully explained both in the Executive Engineer's 
and in Mr. Davidson's report, that a gain of Rs. 3-2-10 per mile is 
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effected by the roller, or as Us. 15-7-0 (the cost of hand labor,) is to Rs. 
12-4-2, (the expenditure with the engine). 

The end of Mr. Davidson's report, is of much interest; it contains the 
opinions and proposals of a man who understands his work thoroughly, 
and who has taken great pains to carry out successfully and economically 
the duties entrusted to him. 

I concur in all he states, and I recommend that a copy of his report 
be sent to the makers of the steam roller, Messrs. Aveling and Porter. 

The " Appendix " by Mr. MacOeorge gives information regarding the 
consolidation of some kunker metal by the roller ; the result was favor- 
able. I believe pit kunker can be as cheaply and solidly consolidated as 
stone metal ; I can see no reason why this should not be so. 



Remarks by Messrs. Aveling & Porter on Mr. F. L. (yCATXAGHAtfs 
Report and Suggestions.* 

Respecting the awning mentioned in para. 19, as being desirable to 
protect the driver and steersman from the son, there is no difficulty in 
providing a simple and efficient one. 

Para. 20, suggests that the rollers should draw behind them a supply 
of fuel for one day's consumption and carry in their bunkers sufficient for 
a run of two miles. The machines are already fitted with couplings for 
drawing wagons behind them, and a suitable one can be constructed at a 
cost of £45. The coal bunkers can be enlarged as desired without any 
inconvenience. 

The foot plate can be made wider as proposed in para. 21 of the report. 

Regarding the desired alteration in the speed gearing of the machines 
alluded to in para. 22, we shall take care that any future rollers ordered 
of us be arranged to travel at from 3 to 3£ miles per hour on good roads ; 
this is a higher speed than draught horses generally maintain ; and be- 
yond it we consider that it is not prudent to work such heavy machines 
on ordinary macadamised roads. 

Para. 23 advocates the substitution of double for single cylinder en- 
gine and the removal of the existing fly wheel. In considering these 
recommendations we incline to believe that a little longer acquaintance 

• Kde, P. P. Pint Series, Vol VII., page 146, 
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with the present rollers would modify the Engineer's opinion of the re- 
lative value of the two kinds of engines. We have found in the course of 
a long experience in the use and construction of engines for common roads, 
that single cylinder locomotives are much more economical, more power- 
ful, less complicated -and consequently less liable to get out of repair than 
are double cylinder engines. It is also to be observed that after 2 or 3 
day's practice single cylinder engines can be handled as easily as double 
cylinder engines. 

The remarks, it must be added, apply chiefly to engines of small power, 
such as are those that drive our 15 ton rollers, to these it would be diffi- 
cult to apply two cylinders and retain at the same time the simplicity and 
strength of the existing gearing. To larger engines there would not be 
attached the same inconveniences in the use of double cylinder gearing. 

The fly wheel, to which objection is taken, can easily be so covered in 
as no longer to prove the danger to horses it is now alleged to be. It 
should be borne in mind that its removal would diminish the general 
usefulness of the Engine, inasmuch as without it the Roller cannot be 
used as a stationary engine for driving, pumping, sawing, stone breaking, 
or other machinery, and for which it is now properly adapted. 

If the engines be made of greater horse-power, as suggested in para. 24, 
the rollers should also be made larger in diameter, say 6 feet in place of 
5 feet as now constructed. This alteration would materially reduce their 
liability to sink into newly made roads. 

The inconvenience pointed out in para. 25, arising from the present 
construction of the ash-pan, shall be remedied in future. 

In conclusion, we would add that it will be our study in the event of 
receiving further orders from you, to entertain, and whenever practicable, 
carry out any suggestion from the Engineer in charge of the Rollers, tend- 
ing to the improvement in their design or convenient alteration in details 
of construction. ' 
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No. XXIV. 

ON THE MOVEMENT OF WATER IN PIPES, CANALS 
AND RIVERS. 



Adapted from articles in the " Fonts et Chaussies" By Lieut. W. 
G. Ross, R.E. 



I. Dubuat established two principles, which have up to the present 
time served as the basis of research in all enquires into the laws of the 
movements of water in canals and rivers. These two principles are— 

1. The moving force, which each of the molecules of water that 

compose a river has, arises only from the surface slope. 

2. When water moves uniformly the resistance it meets is equal 

to the accelerating force. 

He further established that these retarding forces which make the 
motion of the water uniform are independent of the pressure. If then 
the action of these forces is to be attributed to the nature of the bed they 
cannot be exactly compared to the friction that takes place between solid 
bodies ; they should be considered as of the same order but of an essen- 
tially different nature. 

Dubuat's general formula for flow of water in all channels is 

= WW?-M)_ _ . 3 w - _ 0>1) 
V* - log V« + 1-6 V * 

in which 

V = mean velocity in inches per second. 

r = mean radius or hydraulic mean depth = jgg^^LIJggg P 
J r wetted perimeter. 



- = the slope. 
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. The unit of length is the inch. 

Irrespective of the practical difficulties that attend the employment of 
this formula it was soon discovered to be insufficient to represent the law 
of water-flow. 

II. M. de Prony starting with Dubuat's principles, anil observed facts, 
endeavored to establish another formula. 

He assumes that the nature of " lining, " or surface of the bed of a 
water conduit has no influence on its flow, and that the movement is pro- 
duced by very thin strata of water, such strata being parallel to the slope 
of the bed and of an uniform velocity. The formula put forward by him 
was 

A.-= x /(v) 
where 

A = area of section. 

t = slope or fall in unity. 
% = wetted perimeter. 
v = velocity at the bed or bottom. 

Making - = R, and expanding /(v) according to the first powers of 

the variable, which again he replaced by the variable U, he obtained the 
equations 

RlrraU + JU 1 
the co-efficients " a " and " h " being determined from a certain number 
of experiments of Dubuat's by the method of mean squares. M. de Pro- 
ny did not delude himself as to the scientific value of his formula. He 
had admitted with Dubuat that the mean velocity was a function of the 
bottom velocity quite independent of the dimensions and slope of the 
canal. " However," says he, " it is difficult to persuade oneself that 
these various elements have no influence on the relations between the 
bottom, mean, and surface velocities " Mais il failait pourvoir aux besoins 
de la pratique " (Recherches sur la The*orie des eanx Conrantes, 143.) 

Everything on the subject of the employment of the formula of M. de 
Prony and of Eytelwein (the formula of the latter is that of the former 
in another form) that can be said, has been said by MM. Darcy, Dupuit 
and Bazin. They have unanimously condemned it. 

III. MM. Darcy and Bazin, after investigating experimentally the 
influence of the nature of the bed, attempted to resolve the problem by 
transforming the formula of de Prony, so that the co- efficients might 
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vary with the mean radius and the nature of the surface of the channel. 
The result of the researches of M. Bazin are given by Col. Anderson, 
R.E., in No. CXCVII. of the Professional Papers on Indian Engineering 
[First Series.] Go-efficients varying with both these elements at one and 
the same time are however unsatisfactory ; they are, in a way, evident 
proofs that the general formula does not apply to the nature of facts. M. 
Gauchler, an engineer of the Pouts et Chaussees, on taking this into con- 
sideration was induced to believe that there must exist some simple alge- 
braic relation containing only one co-efficient affecting the mean radius and 
variable with the nature of the bed, which should represent the phenome- 
non of the movement of water under every condition. The method 
adopted was synthetical, and extended over a long period of searching 
experiments. 

IV. M. Gauchler, acting under the advice of M. Dupuit, worked 
on the experiments recorded by M. Darcy at Chaillot. These experi- 
ments were on pipes, and they were carried out under many and various 
conditions of diameter, slope, and nature of material. M. Darcy had 
proposed on the teaching of these experiments to modify M. de Prony's 

formula 

RI s aU + bTJ* 

so as to make 

a ~ a + bT 

* = «• + £ 

o, a , /?, fr varying with the nature of the channel. He also in order to 
do away with so many co-efficients proposed two other formulas 

RI = W, and RI = oiU 
the second being employed only for all velocities less than 0*328 feet per 
second. In these formulas b and a are variables and functions of R 
Hence he has in these formulas given to hi the form 

and in searching for values of a and /3 applicable to pipes whose channels 
are covered with deposits (depots) M. Darcy has evolved the following 

h = o-ooosi + °' 00< y 065 

As however these experiments were all made on pipes whose diameter 
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was never greater than 0-80 feet, they cannot he used for calculations of 
discharge in pipes whose diameter is higher, the more especially as the 
formulae of Darcy, although unlike the formula of De Prony in being 
based on a larger number of experiments, are similar to these in being 
not the less deduced from a preconceived formula, the co-efficients of 
which have been applied by interpolation to the experiments giving the 
formulae of Darcy. 

V. The system adopted by M. Qauchler was to study in great detail 
pipes of the same diameter and material under various conditions of 
velocities and slopes, and then keeping the slope constant to study the 
velocities and diameters under varying conditions. By these means he 
hoped to express the relation existing between these three terms by one 
general formula. 

But he also approached the subject theoretically in the following 
manner : — As the action of the molecular re-actions was quite indefinite, 
he put this term aside and only took into consideration the movement 
of the centre of gravity of a molecular fluid. This movement being in- 
dependent of the molecular reactions, it was clear that the nature of the 
material of the channel alone affected it. The retardatory force of the 
channel is due to its uneven surface, against which the molecules of the 
liquid impinge, and from which they rebound in opposite directions, as 
they are elastic. These molecules again act upon and retard others. 
The sum of resistances thus produced is similar, therefore, to the shock 
of a fluid vein against a plane normal to its direction. 

If the asperities of the channel are equally distributed over the wetted 
surface, and if the velocity at the channel is parallel to the axis of the 
pipe, the sum of the resistances is evidently proportional to the surface 
wetted, and to an unknown function of the velocity at the surface of the 
pipe. This velocity M. Gauchler admits, as did de Prony, to be a 
function of the mean velocity independent of the diameter or slope. 

Let D be the diameter of a pipe. 
L its length. 
V the mean velocity per second. 

The resistance which such a section of the pipe opposes to flow can 
be expressed by 

*DL/( V ) 
But this resistance is also equal to the impulse the liquid receives from 
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its weight and if to traverse L the liquid descended from a height H, 
the liquid would produce a shock measured by the expression 

J * D a v js/^R 
,\ n BL/(v) = i xD'v V^H 
Let us take the unit of time as one second. Let be the angle of 
the slope I, and L the length of pipe traversed in one second, then 
L = v, and H = v sin 0, 
Substituting these values in preceding formula, and simplifying, we get 

> = iD \/2gv sin 9 (a). 

If is so small that we can substitute the tangent for the sine we can 
express equation (a) in the form 

•Sr = « D vr a). 

Such would be the law of the movement of water if the hypotheses 
were rigorously true. But it is evident they are not. The threads or 
veins of water in a pipe do not ail flow parallel to. the axis, but rebound 
from side to side, so that even if a channel of perfectly smooth surface 
could exist, these would always exist from this cause a retardation of flow. 

VI. After vain efforts to express the first term of the last equation as 
a function of the second, M Gauchler was induced to try empirically the 
formula 

VT = b V"5Vl '. (2). 

considering the V» * n the denominator of 1st term of (1) as an indica- 
tion that/(t>) might be irrational. 

Using this expression to 56 experiments of Darcy's made with cast 
iron pipes, M. Gauchler was induced to modify it to 

a/v + a 4/v = b V DVT (3). 

where a and b varied with the diameter. As it was necessary that b 
should only vary with the nature of surface of channel, he modified this 
further into 



*Jv + D 4/v = a */ D VI C 4 )- 

It is unnecessary to reproduce all the experiments of M. Gauchler with 
this formula, and other modifications of it ; they showed during investi- 
gation that he approached nearer and nearer the desired formula. 
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VII. An expression exact enough to resolve all cases of ordinary oc- 
currence in practice was at last obtained. This was 



Jv + iB J v =ajl>y I 



.(A). 



evidently the formula did not apply to very slight slopes. As a fact 
owing to capillary action in every pipe the velocity becomes nothing before 
the slope is reduced to zero. The formula (A) may be more exactly 
expressed 

J v +\T)'J v =a*J v'jl-jl (B). 

(3 representing the capillary attraction. 

Now, Laplace has established that the force of capillary attraction acts 
inversely as the diameter, so if N be the force 

in being a constant depending on the natures of the liquid and channel. 
M. Gauchler determined a value of /3 which gave sufficiently accurate 
values for water 

a _ 00000066 

P — D * 

This gives, it is said, very fair results. 

As, in practice, velocities of 0*328 feet per second, or slopes gentle 
enough, and diameters small enough to enable fi greatly to affect the value 
of I are rearly met with, /3 can be neglected. 

The formula to be used therefore is (A). M. Qauchler with this formula 
went into a great many recorded experiments which it is unnecessary to 
transcribe. The results for iron pipes were eminently satisfactory. Those 
for pipes of sheet iron and bitumen are not so satisfactory. The explana- 
tion of this is that pipes of the latter materials became affected by the 
continual passage of water, and gave varying results. The temperatures 
at time of experiments also affected these pipes considerably. In lead 
pipes the most satisfactory and even results were given, when the velocity 
exceeded 1*64 feet per second. Water moving at this velocity seems to 
give lead a high polish. It is a curious fact that the value of a for 
glass pipes is not so high as that for lead. This was probably owing to 
the necessarily uncertain shape of the glass tubes ; indeed an element of 
uncertainty is introduced into all the experiments by this and other con- 
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ditions under which the experiments were conducted. The pipes were 
ordinary cast-iron pipes except that the joinings were carefully made ; the 
dimensions of each pipe were not constant ; in those of slight slope and 
sluggish flow silt was constantly deposited, &c, &c. It is said that the 
formula very accurately for all practical purposes represents the flow of 
water in pipes. 

It remains only to add a table embodying the results of M. Gauch- 
er^ investigations. If the co-efficient for pipes lined with silt be taken in 
calculating any problem of water supply, it is evident as a is here at its 
lowest that we shall always be on the safe side. For pipes of small 
diameter the term involving the 4th root of v can be neglected. 

Formula / v + -j- J v = a ^JD J I. 



Description of channel. 



No. of 
experiments. 



Diameters 

of pipes in 

feet. 



Slope in 

nnity, or 01 

foot. 



Valneof a. 



Cast-iron pipes (new), . . 
Do do (old bnt clean), 
Do do (lined with silt), 
Sheet-iron and bitumen pipes, 
Wrought iron pipes, 
Lead pipes, 
Glass pipes, • • 



• • • • 



. 


1 


16 


1 


21 


i 


41 


{ 


38 


1 


21 


i 




1 


6 


1 



0-27 feet 

to 
1-64 feet 

0-802 feet 

to 
0974 feet 

118 feet 

to 
0/798 feet 

0088 feet 

to 
0-935 feet 

0*04 feet 

to 
013 feet 

0046 feet 

to 
01345 feet 



0163 feet 



00002 feet 

to 
017072 feet 

000028 feet 

to 
011343 feet 

0-00025 feet 

to 
0*13981 feet 

00002 feet 

to 
0*30714 feet 

0-00022 feet 

to 
0*34426 feet 

000044 feet 

to 
016148 feet 

0-00096 feet 

to 
0-11191 feet 



6'625 



61 
to 
6-3 



6-5 



70 



6-4 



70 



6-7 



The above formula is expressed in French metres. 
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MoVEMBHT OF WATER IH OPRH CaHALS AND B I VERS. 

L We now come to the consideration of flow in open channels. 

A very few years ago there existed few and very limited recorded 
experiments on the flow of water in canals and rivers ; these, moreover, 
were inexact from various causes. These remarks apply to the experi- 
ments conducted in Germany by Briinnings, Woltmann, and Funck, to 
those of Dubuat, and in a less degree to those of Baumgarten, Emmery, 
and LeVeille*. It became evident that the want must be supplied. A 
very careful series of experiments under the able direction of M. Darcy 
and M. Bazin was put in hand about the year 1856. M. Darcy unfor- 
tunately died in 1858, and on M. Bazin fell the duty of finishing the 
work. In 1863 a committee of Engineers presented to the Academic 
des Sciences a report on these collated labors. This report has been 
translated by Colonel Anderson,. R.E., and will be found in No. CXCVIL, 
of the Professional Papers on Indian Engineering [First Series]. 

II. M. Gauchler takes these experiments of M. Bazin, and as before 
in the case of pipes, deduces a law of motions for canals and rivers. He 
bears testimony to the singular exactitude of these experiments. 

At commencing M. Gauchler was induced to imagine that the law 
regulating the flow of water in open channels must vary considerably from 
that affecting flow in closed channels. M. Bazin had thought so also. M. 
Gauchler, however, in the course of his investigations, found that the laws 
of flow in closed and open channels were very similar, except that the 
latter were of a simpler character than the former. 

III. He commenced by taking series of experiments of MM. Darcy 
and Bazin, in which the slope had been greater than 0*0007 in unity ; he 
found the invariable law for the same channel, and for a constant lining 

of the channel was that the expression j/ R 4/ I, (R and I being as 
before,) varied as the square roots of the mean velocities. Thus taking 
the first of the series of experiments reported by MM. Darcy and Bazin 
which were carried out by M Baumgarten, he obtained the following very 
satisfactory results. 

The correspondence between the figures in columns 5 and 6 is remark- 
able. It is to be observed that the numbers of the above recorded ex- 
periments are those of the Darcy-Bazin series. The experiments were 
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all carried oat in the same portion of canal, and consequently the nature 
of the channel was the same in each. 

1ST Series. 



Ho. 


B. 


L 


v. 


S7 


7-8 x4/* #1 


1 


2 


8 


4 


5 


6 


3 


0*2158 


0*029 


3-438 


1*850 


1*810 


4 


0*1876 


0-060 


4-246 


2*06 


2*074 


5 


0*2686 


0*0121 


2*812 


1-520 


1*563 


6 


0*2545 


0-014 


2-549 


1*549 


1*591 



M. Gsuchler basing his hypothesis on the evident accord of columns 
5 and 6 in above table, assumed as his touchstone for the other recorded 
experiments the formula 

V7a a 4/^" 4/TT 
It will be observed at once that this equation is of the same form, but 
simpler than that for pipes. 

IY. With the view of investigating the action of the channel lining, 
MM. Darcy and Bazin had experimented on rectangular canals of equal 
dimensions and slopes, but with the sides and bed of different materials. 
The canals were formed of planks, and were revetted with 

1. Plaster coating. 

2. Bricks laid flat. 

8. Small gravel 0*4 to 0*8 inches in diameter set in cement 
4. Large gravel 1*2 to 1*6 inches in, diameter also set in 
cement. 
Most carefully gauged and constant supplies wore run through these 
channels and observations recorded. 

M. Qauchler takes a series of these which have been, qqndewd below 
into an abstract. 
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V* 



— 8 _ 4.. 

Diffenoee between </v and a VRVL 



12 



0*0511 

to 
0-2123 



Series No. 2.— Rectangular canal plastered. 

Never above 0*034, 



0*0049 



1-018 

to 
2-460 



generally much lower. 



lo- 



ts 



0-0586 

to 
0-2874 



8eriss No. a.— Rectangular canal in brick. 

Never above 0-045, 
generally far lower. 



0*0049 



0-889 

to 
2-047 



8* 



12 



12 



Series No. 4.— Rectangular canal reve t ted , small gravel. 

Never above 0-015, 
generally lower. 



00761 




0-658 


to 


0-0049 


to 


0-2772 




1-897 



8KRIES No. 5.— Rectangular canal revetted, large gravel 

Never above 0-075, 
generally much lower. 



0-0886 




0-547 


to 


0-0049 


to 


0-8009 




1-498 



f-5 



6-8 



12 



Series No. 6.— Rectangular canal of planks. 

Never above 0-017, 
average much less. 



0-0788 

to 
0-2809 


(HKW08 


0-685 

to 

1-587 



12 I 



12 



17 

each 



0-0578 

to 
0*2216 



Series No. 7.— Rectangular canal of planks. 
0*0049 



0-826 

to 

2-179 



Never above 0*081, 
generally much less. 



Series No. a— Rectangular canal of planks. 

Never above 0*029, 
generally mneh less. 



0-0447 

to 
0-1919 


0*00824 


1-074 

to 
2-612 



0-0524 

to 
0-3042 



0*0015 

to 
0*00889 



0*548 

to 

2*664 



9*2 



94 



No. 9, 10 and 11.— Rectangular canal of planks. 
Never above 0*085, 



0-0 
to 
9*4 
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Y. The agreement between the values of tj~ given by experience 
and those involved from the formula of M. Gauchler are quite remarkable, 
especially when it is considered how subject to error, owing to the surface 
of a liquid in motion never being plane but undulating, all calculations 
of slope and wetted perimeter are. 

Jhe values of a decrease as the resistance afforded by the material of 

the channel increase, so that - might be called the co-efficient of resistance* 

It may be noticed that the variation in value of a for the planked 
channels is explained to be due to the nature of the planks in all series not 
being identical. 

VI. M. Gauchler next investigated whether the form of the profile of 
the channel affected these values of a. He took up for this purpose the 
series 18 to 29 of MM. Darcy and Bazin. It does not seem necessary 
to reproduce these here. It may be sufficient to say that M. Gauchler 
found, as indeed the investigations of M. Bazin had gone to prove before, 
that the value of a, and therefore of the mean velocity, were independent 
of the form of the profile. M. Dupuit, as quoted by M. Gauchler, had 
concluded theoretically that the profile did affect the mean velocity, but 
M. Gauchler's calculations and investigations do not justify the theory. 
Col. Anderson in the number of the Professional Papers quoted before, 
shows however that the circular form of section does offer, other things 
being the same, a sensibly smaller resistance than that offered by an an- 
gular profile. 

VII. It may be useful to "recapitulate the points investigated by M. 
Gauchler. From the first to the last, and working with recorded and 
carefully made experiments, he proves that the most remarkable agree- 
ment exists between experimental values of the velocity and those calcu- 
lated by his formula ; such an accord is not fortuitous, and would tend to 
convince us that the law of water-flow is given by his formula. On 
comparing the different values of a we see that this co-efficient varies only 
with the nature of lining of channel, and that it has no connection with 
the slope, nor with the mean radius, nor with the form of section ; or if 
this last has an influence it is insignificant in practice. 

Before passing to the study of works that are more often met with in 
practice than are canals of the kind that we have been studying, let ma 
resume the result of M. Gauchler's investigations. 
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The formula is for French measures (metres) 

J v= as} ViS I 
and the following table gives the values of a for various lining materials. 



Nature of channel. 



Values of a. 



Very smooth wood or plaster, 
Bricks set in mortar, ... 
Rough gravel (fine), ... 
Ditto ditto (course) 
Planks, - 



10-0 
8-9 
7*5 
68 
9-3 



To apply these values of a in practice it will be necessary to use them 
only where the channel is free from weed or silt. The presence of these 
very considerably affects the value of the co-efficient. 

IX. Up to the present, the investigations have only treated of slopes 
greater than 0*0007 in unity. In extending his investigations M. Gauch- 
ler found that the formula did not apply to slopes less than this. He 
was therefore induced to modify it ultimately to 

SJ t> = fisjusjl. 
He applied both formulas to many water-courses, such as the " Rigole de 
Chazilly," the " Rigole de Qroisbois," &c, under various conditions of slope 
and nature of lining, and he found that when the inclination was less than 
0*0007 in unity, the formula containing the fourth root of v gave almost in- 
variably in a vast number of trials the better results. He admits that 
the limit of the application of either formula may under certain conditions 
Hot be 0*0007 slope, and that this turning point may have to be mo- 
dified at some future day, but it is a point, as he says, that " the future 
will have to resolve." 

X. The various series to which he applied this latest formula are not 
abstracted here ; it is sufficient to say that the formula was found to apply 
to new experiments as well as to the results of older experiments. 

XI. In the application of the formula to experiments conducted by 
various other Engineers, M. Gauchler rejected the experiments of Funck 
Donati, and those of the Roman Ponts et Chaussees, as all these experi- 
menters had not a sufficiently accurately gauged mean velocity. He 
found however that the experiments of Dubuat, Woltmann, Poiree, 
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Emmery, and L^ill6 were fairly accurate, though not quite up to the 
standard of those of Darcy and Bazin. The experiments of Duboat on 
the Canal de Jard, those of PoWe on the Seine at the bridge of Jena, 
those of Emmery on the Seine at Poissy, and those of L6v&ll6 on the 
Saone at Baccounay, were applied to the formula applicable to slopes less 
than 0-0007, and were found to agree very fairly. It should be noticed 
that only in the last two series of the above-mentioned experiments was the 
mean velocity directly deduced from observation ; this mean velocity was 
obtained in these cases by observing velocity at various vertical sections of 
the river profile. This though not a perfectly accurate way of obtaining 
the mean velocity, is the most accurate way of obtaining it for large rivers. 
Care was taken to register the fluctuation in rise and fall of the river, and 
it was found that where the observed mean velocity differed in any unusual 
degree from that calculated by the formula, the fluctuation in the level of 
the water surface had been considerable. 

XIL M. Gauchler concludes his article with some interesting re- 
marks, which are translated at length. He says : — " It only remains for us 
to try and explain the singular variation in the laws of water movement 
that we have discovered. Why does one formula represent the movement 
up to a certain point and another the law of motion beyond this point ? 
Does water move in two ways? Experience seems to say so. One 
point particularly strikes us after considering the experiments of MM* 
Darcy and Basin, and this is the permanence of rapid slopes irrespective 
of changes in the mean radius. The superficial slope of water seems 
determined by that of the bed; it is the same as the bed slope, and 
continues invariable whatever the thickness of the cushion of water. As 
the velocities on any vertical line are distributed in various ways, it is con- 
ceived that the molecule animated by the greatest velocity passes that 
below it which is subject to a less velocity and obeying the law of gravity 
falls in front of, or as it were, rolls over the latter. But as this pheno- 
menon is produced in all molecules of superior velocity, the molecule of 
maximum velocity ultimately comes into contact with the bottom follow- 
ing some curve which cannot he determined in the present state of 
science. It follows, therefore, that the movement consists of a rolling of 
the molecules so that they all successively touch the bottom whence hf their 
elasticity they rebound to the surface. In canals of slight slope we set 
on the contrary that inclinations vary independently of the slope of tk* 
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bed and with the mean radius. The molecules seem to move by virtue 
of the pressure of those above them, which pressure in each profile i 8 
slightly greater than the reaction of the molecule below. In this way the 
water moves in strata of equal velocity, and slides or rolls horizontally 
and not in a curve line. Experience seems to confirm these hypotheses. 
Every one has observed that bodies that float when immersed in a rapid 
current alternately appear at the surface, and disappear towards the bot- 
tom, while in rivers of low velocity, they appear to move equally and steadily 
on the surface. In the first case the velocity is proportional to the square 
root of the slope, in the second to the slope itself; and as these slopes 
are always inferior to unity, it follows that the movement of rolling is 
more rapid than that of sliding. It follows from this that at the point 
where river floods pass from the first to the second movement there is 
great agitation of water which is liable to cause an inundation at this 
point. Applying this observation to the Rhine, we find that the slope of 
0*0007 is found near Rhinan, a place celebrated in the records ot Rhine 
inundations for its misfortunes. " 

It is a matter for regret that MM. Darcy and Bazin did not also make 
experiments on canals of low slope. They had no reason to suppose that 
the law of water-flow varied as M. Gauchler now appears to prove is the 
case. Such experiments as M. Gauchler made with the view of verifying 
his second formula were on small water-courses of the Rhone canal, 
which naiturally did not give such satisfactory results as canals specially 
designed for experiments would have given. M. Gauchler hopes that 
experiments equally exact as those of MM. Darcy and Bazin may be 
carried out in order that his second formula, which is the more important 
. of the two, inay be verified. In conclusion, let us resume the results of 
M. Cfeochler's investigations. 

The two formula to be used for canals and rivers are in French metres, 

1. When the slope is greater than 0*0007 in unity. . 

2. When the slope is less than 0*0007 in unity. 

^T =04/R N'T 
These formulae are only particular cases of the general equation for pipes. 

The co-efficients affecting th* secoad wembm of these equations vary 



Digitized by VjOOQ IC 



252 



OH THB MOVEMENT OF WATER IN PIPES, ETC, 



with the nature of lining of channel, but are independent of all other con- 
ditions of flow. 

The table below shows the values of the co-efficients to be employed in 
each formula for canals and rivers : — 



Nature of channel* 


a. 


0. 


Masonry (cat stone and mortar), 


From 8*5 to 10*0 


From 8*5 to 9*0 


Good masonry, 


„ 7*6 „ 8*5 


* 8*0 „8*5 


Masonry sides ; earth bottom, 


» 6*8 „ 7*6 


„ 7-7 „ 8*0 


Small water-courses in earth free of weeds, 


„ 57 „ 8-7 


» 7*0 w 7-7 


Ditto do. grass on slopes, 


„ 5-0 „ 5*7 


„ 6*6 „ 7*0 


Rivers, 


Nil 


n 6*3 „7*0 



For English measures (feet) the formula will be 

(i)- /» = i-2i9 «y bVi 



W. G. R. 



Since writing the above a note on employment of the formal® of M. 
Ganchler by M. Stapfer, Engineer of the " Ponts et Chausseta," publish- 
ed in the volume for July 1869, has appeared. 

M. Stapfer carried oat some experiments on open canals lined with 
masonry, taking off from the Marne. In one case the canal was 8 metres 
or 26*25 feet wide at the bottom, with a depth at low water of 1*75 metres 
or 5*74 feet, and at high water of 4*25 metres or 18*94 feet. This canal 
was navigable and also worked a water wheel. The maximum surface 
velocity allowed by the grant or " concession" was 0*55 metres or 1*8 feet 
per second. The corresponding mean velocities to give the surface velo- 
city and values of I deduced from De Frony's formulas were, therefore, 

metres. 
In low supply, mean velocity, •• •• 0*434, and 1-0*00006444 
In high „ „ .... 0*434, and 1-0*00008807 

If in M. Gauehler's second formula these values of I be substituted, 
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ft I Q.B 

and /3 be taken -^ — =s 8*25, the mean velocities given would be 

In low supply, •• • 0*888 

In high supply, 0*468 

or, conversely, if M. de Prony 's value of mean velocity or 0*484 metres 
be used in the formulas of M. Gauchler, we get the values of /3 to be 

In low supply /3 = a > — 4 / — cs 8*48. 

y* J 1 

In high supply fi = * /— t r- = 8*12. 

The mean of the.se values of /3 is 8*80. 

M. Gauchler's value of /3 for good masonry is 8 to 8*5, which gives a 
mean of 8*25. The results deduced from the formulas of de Prony it will 
be seen, therefore, are very nearly the same as those deduced from the 
formulas of M. Gauchler in this particular case. 

M. Stapfer considers that either formula may be used indifferently for 
open canals revetted with good masonry. He remarks, however, that to. 
employ M. Gauchler's formula, the value of I must be exactly known, 
which in practice, owing to various causes, is seldom the case. He prefers 
therefore in such cases (where the slope is inferior to 0*00007)* to employ 
De Prony's formula for mean velocity derived from surface velocity to 
finding the velocity from M. Gauchler's formula No. 2. He agrees with 
M. Baumgarten, having himself verified this gentleman's deductions, in 
further reducing De Prony's mean velooity when the surface velocity is 
over 1*80 metres (or 4*264) by again multiplying by 080. De Prony 
based his formula on only 15 experiments, in none of which was the 
surface velocity greater than 1-299 metres, whereas Baumgarten based 
his modification of the value of mean velocity on 22 experiments, all of 
which the surface velocity exceeded 1*40 metres (or 4*592 feet). 

But extending his calculations to another case (width of bed 9 mitres 
(29*52 feet), depth of water 8*5 metres (11*48 feet), channel masonry 
with vertical sides, discharge 45 cubic metres per second (1589*26 cubic 

• 8ie in original article in " Aanales des Ponte et Chanaseea." M. Gauchler's investigation, however, 
relate to slope* of 0*0007. 

VOL. I. SECOND SERIES. 2 D 
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feet per second), M. Stopfer found the value of I by De Prony's formula 
to be 0*0003975. This brought this case under the conditions of M 

Gauchler's first formula. The value of a was taken — ^ — = 8*05, and 

I deduced by M. Gauchler's formula was 0-0001638, or less than half that 
deduced by De Prony's formula. 

This difference can only be explained by the fact that M. de Prony's 
formula is a more general one than that of M. Gauchler, based as it is on ex- 
periments conducted in channels with various linings, whereas the formula of 
M. Gauchler are more definite, and the co-efficients determined by a large 
number of experiments for each different lining. For example if the 
same discharge of 45 cubic metres had been given by a river channel, and 
mean dimensions of which were the same as this masonry channel, we 

should have had by M. Gauchler's second formulas (J being — ^— = 6-65 

v 1-43 

I = ; = 1 = 00002965 

P R* (6-6S) 4 (1-968)* 

or taking 0, 6-8 

I ss 0-0008372 

which is very nearly De Prony's 0-0003975. M. Stopfer concludes from 
his investigations that either the formula of De Prony or Gauchler can 
be used when two of the three terms v, R and I are given, when the surface 
velocity does not exceed a certain limit. This limit he does not state 
very exactly, " 0*55 metres par exemple " are his words. He concludes 
his article in the following words : . 

" To resume, I am inclined to conclude from this comparison between 
the formula of De Prony and Gauchler. 

" 1st. That the later formulas as based on a larger number of experi- 
ments are more accurate for determining either the mean velocity, or the 
slope, when the slope or mean velocity are accurately given. 

" 2nd. That the formulas of De Prony are to be preferred when either 
of these terms cannot be determined with exactitude, and when for in- 
stance the velocity can only be calculated by the use of floats. 

" 3rd. That till formulas more exact and as easy to use in practice as 
those of De Prony are discovered, it is sufficient to deduce the mean velo- 
city from the formula of De Prony modifying it by the rule of Baum- 
garten when the surface velocity exceeds 1-40 metres (4-6 feet). 
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" 4th. That in canals lined with good masonry when the snrface Telocity 
does not exceed 0*55 metres, the formula of De Prony and Qauchler give 
almost identical results. 

" hth. That for rivers the old formulas of De Prony, and the new one of 
Gauchler, furnish results that differ but slightly even when the surface 
velocity exceeds 1*40 metres, and that the former being more easy in 
application should rather be used." 

M. Stopfer is evidently inclined to sustain the old formal® of De 
Prony against those of M. Gauchler or M. Bazin. But the formulas of 
these last based on very careful and numerous experiments are to be 
preferred. These formula are given below as adapted to English feet; 
B, I, v being the same in both, that is to say 

v = mean velocity in feet. 
B =s mean radius in feet. 
I = fall in unity. 

M. Gauchler:— 

(1). I v = a X 1-219 * /b «/lTslope being greater than 0-0007» 

(2). * / v = t^qT / b A ^I* be"* lessthan <H 

M. Bazirif— 

1st class, bed and sides planed planks, plaster, &c, 

5*=s 0-0000045 X (10-16 + 4")' 
2nd class, bed and sides cut stone, brickwork, &c., 

2L = 0000018 X (4-354 + -j~). 

3rd class, bed and sides slightly uneven (rubble) 

^ = 000006 X (1-219 + ^)- 



1-0007. 



4th class, bed and sides uneven (earth) 
RI 



m = 000035 X (0-2488 + -g"). 



w % a r. 
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[Note by the Editor.] 

In connection with the questions discussed in the foregoing paper, 
attention may be directed to the opinions advanced and results arrived at bj 
the Rev. Canon Moseley, M.A., D.O.L., F.R.8., in a paper " On the Uni- 
form Flow of a Liquid," read on the 2nd February, 1871, before the 
Royal Society, of which the following is a brief reeumee* : — 

M The resistance of every molecule of a liquid at rest which a solid (by moving 
through it) disturbs, contributes its share to the resistance which the solid experi- 
ences j so that the inertia of each molecule so disturbed and its shear must be taken 
into account in the .aggregate which represents the resistance the liquid offers to the 
motion of the solid. The motions communicated to the molecules of a liquid by 
a solid passing through it, and the resistances opposed to them, however, are so va- 
rious, and so difficult to be represented mathematically, that in the present state 
of our knowledge of hydrodynamics the problem of the resistance of a liquid at rest 
to a solid in motion is perhaps to be considered insoluble. As it regards the oppo- 
site problem of the resistance of a solid at rest to a liquid in motion (as in the case 
of a liquid conveyed through a pipe), there are in like manner to be taken into ac- 
count the disturbances created by that resistance in what would otherwise have been 
the motion of each individual molecule of the liquid so disturbed. 

This problem, however, is by no means so difficult as the other. There is, indeed, 
a case in which it admits of solution. It is that of a liquid flowing from a reservoir, 
in which its surface is kept always at the same level, through a circular pipe which is 
perfectly straight, and of the same diameter throughout, and of a uniform smoothness 
or roughness of internal surface, and always full of the liquid. The liquid would ob- 
viously in such a pipe arrange itself in infinitely thin cylindrical films coaxial with the 
pipe, all the molecules in the same film moving with the same velocity, but the mole- 
cules of different films with velocities varying from the axis of the pipe to its inter- 
nal surface. The direction of the motions of the molecules of such a liquid being 
known, and all in the same film moving with the same velocity, which velocity is a 
function of the radius of the film, and the law of the resistance of each film to the 
slipping over it of the contiguous film being assumed to be known, as also the head 
of water, it is possible to express mathematically 

(1st) the work done per unit of time by the force which gives motion to the liquid 
and 

(2nd) the work per unit of time of the several resistances to which the liquid in 
moving through the pipe is subjected, and 

(8rd) the work accumulated per unit of time in the liquid which escape s and 
thus to constitute an equation in which the dependent variables are the radius of any 
given film, and the velocity of that film. This equation being differentiated and the 
variables separated, and the resulting differential equation being integrated, there is 
obtained the formula sso r 

t? =: V ' • 
where v is the velocity of the film whose radius is r, and v that of the central fila- 
ment, and I the length of tho pipe— the unit of length being one metre, and of time 
one second. 
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The method by which the author has arrived at this formula is substantially the 
same as that which he before used in a paper read before the Society on the " Mecha- 
nical Impossibility of the Descent of Glaciers by their weight only," and which he 
believes to be a method new to mechanical science. It was indeed to verify it in its 
application to liquids that he undertook the investigations which he now submitB to 
the Society, which, however, he has pursued beyond their original object. 

The recent experiments of MM. Darcy and Bazin* have supplied him with the 
means of this verification. These experiments, made with admirable skill and pre- 
cision, on pipes upwards of 100 metres in length, and varying in diameter from 
0"0122 to 0«-6, under heads of water varying in height from 0**027 to 80*'7U f 
include (together with numerous experiments on the quantity of water which flows 
per second from such pipes under different conditions) experiments on the velocities 
of the films of water at different distances from the axes of the pipes, made by means 
of an improved form and adaptation of the well-known tube of Pitot These last 
mentioned experiments afford the means of verifying the above-mentioned formal*. 
With a view to this verification, the author has compared the formula with sixty of 
the experiments of M. Darcy, and stated the results in the first two Tables of his 
paper. 

The discharge per 1" from a pipe of a given radius may be calculated from the 
above formula in terms of the velocity of the central filament This calculation the 
author has made, and compared it with the results of eleven of M. Darcy's experi- 
ments. 

Where in the formula which thus represents the discharge from a pipe of given 
radius, in terms of the velocity of the central filament, the radius is made infinite* 
an expression is obtained for the volume of liquid of a cylindrical form, but of 
infinite dimensions (laterally), which would be put in motion by a tingle filament of 
liquid which traversed its axis ; and, conversely, it gives the volume of such a 
liquid in motion which would be held back by a filament of liquid kept at rest 
along its axis. Thus it explains the well-known retarding effect of filaments of 
grass and roots in retarding the velocities of streams. 

It is the relation of the velocity of any film to that of the central filament which 
the author establishes in the above formula. To the complete solution of the problem 
it is necessary that he should further determine the actual velocity v of the central 
filament. This is the object of the second part of his paper. This velocity being 
known, the actual discharge per 1" is known. The following is the formula finally 
arrived at :— 

Q = discharge per 1* in cubic metres. 
B = radius of pipe in metres, 
I ss length of ditto. 
A s= head of water. 
C = a constant dependent on the state of the internal surface of the pipe. 

• Recberchee Bxperlmenteles relative! an monvement de l*Bau dana lee Tnyaux, par H. Darojr : 
Paris, 1867. Bech er ohet Hjdrauliquee, par MM. Percy et Basin ; Paris, 1865. 
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The Tallies of this constant C, as deduced from the experiments of M. Darcy are 
given, 

1st, for new cast-iron pipes ; 

2nd, for the same covered with deposit ; 

3rd, for the above cleaned ; 

4th, for iron pipes coated internally with bitumen ; 

5th, for new leaden pipes ; 

6th, for glass pipes. 

The author compares this formula with sixty-two of K. Darcy's experiments, and 
records the result of this comparison in the last three Tables of his paper. 

The paper concludes with an investigation of the rise in the temperature of a liquid 
flowing through a pipe caused by the resistance which its coaxial films oppose to their 
motions on one another (or, as it is termed, their friction* on one another) and oo 
the internal surface of the pipe. The pipe is in this investigation supposed to be of a 
perfectly non-conducting substance." 

A. M. L. 
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No. XXV. 
VEHAR LAKE DAMS. 

[ Vide Plates Nob. XVIL, and XVIII.] 



'Reports to the Municipality of the City of Bombay. By Caotain 
Hector Tcjlloch, R.E., Executive Engineer. 



Bombay, 6th December, 1870. 
Report, No. I. — Although you are perfectly aware of the state of No. 2 
Dam of the Yehar Lake, from your recent inspection of the work, I think 
it will be well for me to place on record the facts in connection with the 
leak lately discovered. 

On Saturday the 26th November in the evening, it was for the first 
time ascertained for a fact that water was escaping through the dam. On 
Sunday morning I drove out and examined the position of the leak care- 
fully, and came to the conclusion that the level of the point where the 
water issued was about 10 or 12 feet below the present surface of the 
lake, and probably not -more than 50 feet from the eastern end of the dam. 

The clearance of the brushwood and reeds at the bottom of the embank- 
ment has shown that the leak is not confined to the spot where it was 
first discovered, but that water is escaping in ten or twelve different places, 
the total discharge being about equivalent to a stream two feet wide and 
one inch deep. 

Not a moment was lost in setting'about the repair of the dam, and al- 
ready the measures taken have produced a marked effect, and I have no 
doubt whatever that the leak will be soon effectually stopped. There is 
nothing to suggest any immediate danger. It is impossible to estimate 
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accurately what the repairs may cost, but, roughly speaking, Rs. 80,000 
should suffice. 

10th December, 1870. 

Report, No. 2. — I hare the honor to report to you that I have this day 
completed my inspection of Dam No. 3 of the Vehar Lake. I had pre- 
viously informed you that this dam was leaking, but I was not prepared for 
the state of things which has now come to my notice. I had a breadth of 
from 6 to 10 feet of the pitching on the exterior slope removed so as to ex- 
pose the earthern face of the embankment, and I have discovered a series of 
leaks occurring here and there, but extending over a length of at least a 
hundred yards. The character of these leaks I consider much more serious 
than that of those found in No. 2 Dam. There cannot be a vestige of doubt 
in the case of No. 3 Dam as to where the water is escaping from. Every- 
where it is escaping right through the embankment. Now although 
here is nothing at all alarming about the leaks as they are at present, 
I am of opinion that immediate steps should be taken to stop them, as 
at any moment they may increase, and lead to the sudden destruction of 
the dam. 

Ton are aware of the plan which I am adopting at No. 2 Dam. A 
new puddle wall seven feet thick is being built behind the old one, or 
rather behind the place where the old one ought to be, for at present no 
trace of any puddle wall at all has been found. The wall is being built 
in short lengths of ten feet each, and the trench dug is strongly close- 
timbered throughout. I feet confident that the measures which I have 
adopted will prove successful, although I cannot, considering how very 
badly the embankment was originally built, guarantee that at some future 
period a leak may not spring again. 

Regarding No. 3 Dam, however, it is necessary I should inform you 
that the works required to stop the leaks in it will not only be attended 
with very considerable expense, but they will require the very greatest 
care and caution on my part to carry out to success. I propose the same 
plan as that adopted for No. 2 Dam, but the appliances to carry it out 
will be far more extensive. The wall will be built in short lengths, but in 
this instance, not by close-timbering, but by close piling. Timbering 
similar to that used at No. 2 Dam would be attended with danger under 
the great pressure of water that we should have to contend against. Close 
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piling will be very expensive, bnt it will be comparatively safe ; I say com- 
paratively, because I cannot disguise from you that work of this nature 
can never be entirely free from some danger. 

You will see in the accompanying Plan, Plate XVTL, which I have 
roughly drawn out myself, the position of the puddle wall proposed to be 
built. I have also drawn an alternative scheme, but I must say plainly 
I am strongly in favor of the system of close piling. The second scheme 
would not be nearly so expensive, but it would not in my opinion be nearly 
so effective. 

Where the interests, the safety, of the lives and property of nearly a 
million people are concerned, I think, however assured I may be of the 
success of the measures proposed by me, I should be doing wrong not to 
advise that a consultation of the best engineering talent in Bombay be 
held on the means to be adopted for rendering No. 3 Dam secure. Indeed, 
if I may be permitted to mention the names of the gentlemen who I think 
should be asked to the consultation, I would mention Colonel Kennedy, 
Colonel Trevor, Mr. Ormiston, and Mr. LeMesurier. 

My motives in thus candidly advising you to call in others to consult 
with me could never, I am aware, be misconstrued by yourself, nor, I am 
sure, will they be by the Bench of Justices when they learn that specific 
plans having been submitted by me for repairing the dam, I have thus 
exposed myself to the criticism of my brother Engineers. 



Minutes on Capt. H. Tulloch's Proposals. 



L By Thomas Ormiston, Esq., Member Institute C.E. 

13th December, 1870. 

1. Captain Tulloch stated that no ganging had been taken of the leaks, but he 
thonght they were increasing. 

2. He was asked to have them measured daily and registered. 

3. The long grass had been cut away from the foot of the outer slope and this 
showed the leakage. 

4. It does not appear to be a single leak bnt a general soakage. 

5. I don't think the dam shows any immediate symptom of failure, nor do I think 
it is worse than it has been for some rears. 

6. I do consider, however, that if any repair or addition can be made which will 
substantially increase the strength of the dam, it should be done. 

7. Captain Tulloch suggested a puddle wall to the outside slope, which he consi- 
VOL. I. — SECOND 8ERIB8. 2 K 



Digitized by VjOOQ IC 



262 



VRHAR LAKE DAX8. 



dered might be done in either of two ways, as shown in the accompanying plan, which 
is the one produced by Captain Tailoch at the leak. 

8. I do not agree that the new paddle wall should be pat in as shown ; both ways 
show it cracked, and it would probably settle and crack at the angles. 

9. The paddle wall should be vertical. 

1(X The effect of inserting a water-tight puddle wall outside of the supposed 
present one will be to stop the present leakage, and thus the whole bank to the water 
side of the new puddle wall will become fully charged with water, and be little better 
than sludge. 

11. Wherever the new puddle wall be placed, it must hare as good a bank of 
earth outside of it as the present supposed puddle wall has. 

12. The exact position for the new puddle wall can only be ascertained by trial 
estimates. It may be where Captain TuUoch has placed it, or it may be either 
within or without it 

13. Piling should not be made use of. The vibration would be sure to bring in 
the dam if it is shaky. 

14. The new puddle trench and outer slope should be done in sections, i.e., not 
all at once. 






n. By Col. M. K. Kennedy, B.E. 

17* h December, 1870. 

I agree with Mr. Ormiston in thinking that the dam is in no immediate danger ; 
it is not probably in any worse condition than it has been in for years. There is a 
slight weeping through parts of it, which was not plainly observable till the pitching 
was removed. It is tighter than 9 out of 10 of the irrigations! bunds to be found 
throughout the country that have been in existence for generations ; in Dharwar for 
instance it would be considered a remarkably good bund. If revenue depended on it, 
1 should say that nothing was necessary, but it is a more serious matter when the 
health of a large City and the lives of thousands may be said to depend on the Lake j 
under such circumstances nothing should be left to chance. My only doubt is whe- 
ther anything that can be done will mend matters much. It is worth, however, the 
expenditure of a reasonable sum to try and endeavour to allay the uneasy feeling 
which existB in regard to the dams, more especially among persons not competent to 
form a judgment The only thing to be done is to erect a puddle wall, and I concur 
with Mr. Ormiston in thinking that this should be vertical. I would place it as 
near the back of the existing puddle wall as can safely be done. After this has 
been done, however, we must be prepared to find matters very little if at all better 
than they are now. The flow of water below the bund should be carefully and con- 
tinuously gauged. 



m. By Col. J. S. Tbevor, RE. 

18th December, 1870. 

I agree with Mr. Ormiston and Colonel Kennody in considering the dam is in no 
immediate danger. But as long as there is extensive leakage, as at present, appre- 
hensions will be entertained for its safety. The consequences of failure of the dam 
are so serious, that these apprehensions, by whomsoever brought forward, will com- 
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mand attention, and attempts will from time to time be made as heretofore for stop- 
ping the leaks. These attempts would in the end cost far more than a systematic plan 
for placing the dam beyond all reach of danger. I think a vertical puddle wall dose 
to the work, and placed some distance on the outer side from the existing puddle 
wall, would have this effect, and if its erection was watched by competent persons 
on whom the public would place faith, and register kept of what was done, so that 
hereafter the character of the work could not be recklessly called into question, the 
expenditure of some considerable sum of money would be advisable, although it can- 
not be said that such an outlay is emergently necessary. 



IV. By H. P. LeMesurieb, Esq., C.E. 

l&th December, 1870. 

The probabilities are that the dam has been for some time past in the same condi- 
tion as that in which it now is, and this is not a state that can be called anything 
but exceedingly unsatisfactory, considering the interests at stake. 

The dam should be put into thorough repair, and perhaps the best way of effecting 
this end is to put in a vertical puddle wall at a safe distance in rear of the present 
supposed puddle wall, as noted by Mr. Ormiston, backing it up with the requisite 
embankment to make all secure, and not placing much, if any, reliance on the earth 
and puddle between the face of the new puddle wall and the water. 

I agree with Mr. Ormiston as to the inexpediency of shaking the existing bank 
by any heavy pile-driving operations. 

A very complete record in brief form should be kept about the future operation 
and the existence of this record, and its whereabouts, should be widely made known 
so that there may be no question hereafter as to the existence or otherwise of puddle 
wall -No. 2. 

Very great care should be bestowed upon the construction of the new work, and its 
stability should be ensured by every possible expedient, and the closest supervision by 
trustworthy men, insufficient numbers to provide for regular reliefs, if the work is 
carried on during long hours each day. 



Bombay, 25th July, 1871. 

Report, No. 3.— On the afternoon of the 26th November 1870, Mr. 
Pyne, the Superintendent of the Vehar Water Works, reported to me 
that he had discovered what appeared to him to be a very serious leak 
on the side of No. 2 Dam, and that, as he had never observed this leak 
before in his examination of the dam, he was of opinion that it must have 
sprang recently. 

On leceipt of this information, I lost no time in making a personal' 
inspection of the dam in question. I visited the Lake the next morning, 
and after careful examination satisfied myself that the reported leak was 
of such a nature as to demand immediate attention. I ascertained that 
the points of the egress of the water through the exterior face of the dam 
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were from ten to twelve feet below the surface of the lake at the time* 
In other words, the surface of the lake being then five feet below the 
waste weir, the leaks were taking place from fifteen to seventeen feet 
below that level. 

On further examination I noticed that a large quantity of brushwood 
and reeds had accumulated at the foot of the dam, and that they had that 
verdant appearance which is only found in vegetation growing close to 
water. I accordingly had the weeds removed, when my worst anticipa- 
tions were, I regret to say, realized. Numerous leaks existed, and there 
was a large escape of water. A gauge was immediately set up, which 
showed that the quantity of water running through the dam was equiva- 
lent to a stream one foot wide and 1£ inches deep, flowing with a velocity 
due to a fall of one foot in sixteen. 

Before deciding what was to be done, I searched the records of our 
office in order to find the original plans and sections of the dam. These 
showed, to my surprise, a vertical puddle wall, ten feet wide at the top, 
and twenty feet wide at bottom, running along the entire length of the work. 
Under these circumstances the only conclusion I could come to was either 
that the paddle wall must have been badly built, or that it was a myth. 
Inquiries made by me in Bombay convinced me that the dam had origi- 
nally been built without a puddle wall, and the facts elicited by oar 
future operations rendered this clear beyond the shadow of a doubt Had 
there been a puddle wall we must have come on it, bat the dam was per- 
fectly innocent of this safeguard. Neither at the top nor at the bottom 
did we find any puddle wall. So shamefully was this work constructed, 
that in parts where puddle should have been found, we found instead 
layers of, what might not at all inappropriately be termed, road metal. 
Only to give an idea of the bad nature of the soil in the dam, and its 
utter inadaptability to the purpose for which it was used, I will state what 
actually took place under my own eyes. 

A trench was dug in the dam sixty feet from the margin of the water 
in the lake. The bottom of this trench was only one foot below the level 
of the water, and it was actually flooded, — that is to say, the son* was so 
unretentive that a pressure of only 12 inches of water forced the water 
through a thickness of sixty feet of soil. 

There has never been any doubt in my mind as to the mode of repair- 
ing a leaky dam, but I have never disguised from myself the daagereoa 
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nature of such work. The great risk arises from our never being per- 
fectly aware of the state of the interior of the dam, and of our being 
compelled to work as it were in the dark. The inside of the dam may 
be hard and firm, or it may be like a quicksand. No water may escape to 
render the soil difficult to work in, or floods of water may be expected. 
But whatever may be the state of the dam the water can only be retained 
in a reservoir by means of a paddle wall. The question therefore at once 
resolves itself into this — Where should the puddle wall be placed in a 
leaky dam, so that the least risk of danger shall be run ? I am most 
emphatically of opinion that it should be put into the dam by cutting 
into it somewhere on its exterior face. I believe a puddle wall dropped 
into the dam on the interior face might be more effectual (even this is 
questionable), but the danger of carrying this wall right down into the 
original firm ground (a sine qvd non in any case), with a great head of 
water pressing on the works should make any one desist from the attempt. 
The plan of operations which I adopted at No. 2 Dam was to drop a 
vertical puddle wail, eight feet thick, just behind where the original pud- 
dle wall should have been, and down into the original soil; and in order 
to run as little risk as possible I determined to do this work by sinking 
shafts in as short lengths as men could work in conveniently. It was a 
source of great gratification to me subsequently to find that the precau- 
tions I had taken were justified by the nature of the work. In some of 
the shafts the soil proved most troublesome, being almost of the nature of 
quicksand, and to add to our difficulties water came pouring in such 
large quantities, that pumping had to be continued night and day to keep 
the foundation dry. In every case the shafts were sunk down 4. or 5 feet 
into the original ground. 

The works at No. 2 Dam are completed, and the best proof of their 
efficiency is afforded by the almost total disappearance of the leaks. It is 
hopeless to expect to stop them entirely. The reason is that the water 
which is now running is not escaping from the dam, but through the hills 
on the sides, and partly from under the dam at a great depth below the 
natural *surface of the soil. In order to show that this is the case, and 
not an assumption on my part, I may mention that I had a series of 
shafts sunk in the valley about a hundred feet from the foot of the dam. 
These shafts were sunk in some cases to 20 feet below the surface, and 
even at this depth the water from the direction of the lake came pouring 
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in such quantities, that the men at work could not keep the shafts dry. 
The truth is that the subsoil on the site on which the dam is erected is 
composed in great part of trap rock in a disintegrated state. What 
ought to have been done originally was to remdve this soil, until firm 
rock was reached, and on this foundation the dam should have been built 
Nothing can be done now to rectify this error. 

While the work was in progress at No. 2 Dam, it occurred to me that 
a more careful examination of Dams Nos. 1 and 3 should also be made. 
Mr. Pyne had not reported any leaks in them, but I thought it better to 
satisfy myself on the subject. 

On examining No. 3 Dam, I found at a certain level below the water 
that the short grass growing on the exterior face was suspiciously green 
in numerous places. The removal of a few of the pitching stones showed 
cleary that the dam was leaking, but in order to arrive at a more correct 
estimate of the extent of the leaks, I had a strip of the pitching. (10 feet 
wide) removed along the entire length. I was certainly not prepared for 
the state of things which this simple measure revealed. The dam was 
found to be leaking along a length of about a hundred yards, and the water 
was escaping unmistakeably through the body of the work. There could 
be no gainsaying this, as the leaks were as much as a hundred yards from 
the hills on sides, and at a level of about 25 feet from the foot of the dam. 

It having been repaired in 1867 by my predecessor, Mr. Aitken, I had 
always understood that No. 3 Dam was in a sound state. Until the dis- 
covery of the leaks indeed it had never occurred to me to examine the 
plans explanatory of the work executed in that year. I now examined 
both these plans and the original plans on which the dam was, or was 
supposed to be constructed. The latter showed a vertical puddle wall in 
the middle of the dam, but inquiries made in Bombay convinced me again 
that this puddle wall was a work of the imagination, and had no actual 
existence. Here then again I was called upon to deal with a case similar 
to that of No. 2 Dam. 

Mr. Aitken's plans showed that he had dropped a puddle wall through 
the interior face of the dam. This work however had not been carried 
into the original soil, but only to a depth of about thirteen feet below the 
surface of the water at the time when the work was under execution.* It 

• Tide Plate, XVII., work done i* IBM. 
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was manifest therefore that the water escaping from the lake, supposing 
this paddle wall was impervious, was escaping from under the wall. I 
was more than ever convinced therefore that the plan I had adopted at No. 
2 Dam was the only effectual way to grapple with the difficulty. Only by 
working on the exterior face of the dam could I hope with safety to carry 
my puddle wall into the natural soil, which I consider, as I have said be- 
fore, a sine qud non towards the permanent prevention of dangerous leaks. 
Although the work at No. 2 Dam was progressing most favorably 
at this time, and although the effect of it was already visible in the reduc- 
tion of some of the leaks, and I had no reason to anticipate but perfect 
success, I did not hesitate to point out to you the serious nature of the 
difficulties before me with regard to No. 3 Dam. Here it was certain 
that we should have a greater pressure of water to contend with, and 
nearly certain, from the extent of the leaks on the face of the dam, that 
the quantity of water in the shafts would be a serious hindrance to our 
work. The danger was considerably increased from the great length of 
the dam. In a matter however which involved the well-being, and indeed 
the safety of the lives and property, of nearly a million people, I thought, 
however confident I might be in my own opinion, that I should be doing 
wrong not to obtain the opinion of others. I considered that the Bench 
would feel greater satisfaction if my work had the stamp of the approval 
of the best professional men in Bombay. I was not unwilling to have my 
work subjected to criticism, and indeed, for all I knew, it might have been 
censure. Accordingly I requested you to ask the following gentlemen — 
Colonel Kennedy, Colonel Trevor, Mr. Ormiston, and Mr. LeMesurier — 
to form a Committee to advise on the matter. To this Committee on its 
visiting the works I submitted my proposition, with plan,* that a vertical 
wall should be dropped into the exterior face of the dam either just below 
where the original puddle wall ought to have been, or about the middle 
of the slope. I pointed out that it might be done in two ways ; — either by 
sinking shafts supported in the ordinary way by sheeting and struts, or 
by shafts supported by a close sheeting of piles. Although I adopted 
the former plan in No. 2 Dam, I recommended the latter as more secure 
in this case, because of this extra pressure of water, and of the uncertain- 
ty as to the state of the interior of the dam. I recommended moreover 
that the puddle wall when brought up to the surface of the exterior slope 
* Vidt Plate XYTI., Plans I. and II. 
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of the dam should be continued along the slope to the top, or continued 
in a zigzag. 

The Committee were of opinion that the driving in of piles might shake 
the dam, and they preferred the ordinary method of sinking the shafts— 
that in fact which was being* adopted in No. 2 Dam. They moreover 
differed from me regarding the upper portion of the puddle wall. They 
were of opinion that it should be carried vertically nearly to the level of 
the top of the dam, and that the exterior slope of the dam should have 
the same inclination as it had before. On the main question they agreed 
with me unanimously, that the puddle wall should be dropped into the 
exterior face of the dam, and down into the natural soil*. 

Thus then by their proceedings the Committee practically approved of 
the measures which were being adopted at No. 2 Dam, and, with the 
modification of the puddle wall being continued vertically to the level of 
the top of dam, they approved of the measures I proposed to adopt re- 
garding No. 3 Dam. Setting aside my own opinion on the immaterial 
point on which I differed from the Committee, and on which I still differ, 
because it has rendered the work so much more expensive than it would 
have been, — the repairs have been carried out according to their recom- 
mendation. 

It is necessary the Bench should know that some of the work in this 
dam was of a most serious nature, and had not the greatest precautions 
been adopted, the stability of the dam itself might have been endangered. 
We have been compelled to work often without stopping for days and 
nights together. At times the shafts have been flooded with water pour- 
ing in from the lake, and it has required the greatest energy on the part 
of Messrs. Glover and Co. to get the shafts dry. With fever, too, con- 
stantly breaking out among the men, the work has been carried out with 
an amount of perseverance which speaks highly for Messrs. Glover and 
Company. 

I may here parenthetically remark, with reference to the opinion which 
seems to have obtained amongst the Committee, viz., that the leaks in 
No. 3 Dam had probably been as bad for some years as they were when 
examined by themselves, that I think they are in error. On this point 
my predecessor, Mr. Aitken, C.E., states at page 6 of his Annual Re- 
port for the year 1867 :— 

* Vide Annexed Minute*, pp. 361-2-3. 
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" Why this embankment was not made water-tight at firet, I cannot 
pretend to give an opinion with any degree of certainty, but it is a fact 
that it never held water from the time the lake filled. The quantity 
which leaked through at first was not sufficient to cause any serious un- 
easiness, but year after year the leakage increased until at last it became 
so serious, that in 1865, Government appointed a Committee of Military 
and Civil Engineers to report as to the best remedial means to be adopt- 
ed to stop the leakage. The Committee decided that the whole of the 
inside face of the Dam above low water level, should be coated with two 
or three feet of puddle." 

In the next para, but one of his report Mr. Aitken also states that the 
gaugings showed the leakage after the monsoon of 1866 to be greater 
than that after the monsoon of 1865. With sucn evidence it cannot be 
stated that the danger was not increasing. Mr. Aitken not only carried 
out the suggestion of the Committee of 1865, but made the addition to 
it of a puddle trench 15 feet deep at the foot of the puddle facing. 

On the completion of these works Mr. Aitken stated in his report 
(already alluded to) that, " as the water rose after the rains set in, it was 
satisfactory to observe that all the old dangerous leaks were stopped, and 
the embankment may now be pronounced to be in a tolerably safe state." 
Now as I have ascertained from Mr. Pyne, who was actually engaged on 
this work, that at its completion nearly all the leaks had disappeared, and 
as I found the dam on the removal of the pitching to be leaking along 
nearly its entire length, I am of opinion that the leaks have not only 
increased, but that they have increased to such an extent as rendered 
immediate action on our part imperative. 

The effect of the work carried out at No. 8 Dam is plainly visible by 
the reduced quantity of water escaping through the work. 

I was in hopes that I should complete the work this season, but I have 
found it impossible to do so. The difficulties have arisen from our not 
being able to employ more than a limited number of men. The shafts 
have, for safety's sake, been sunk in 6hort lengths, and I considered it 
would be dangerous to the stability of the dam to open up more than 
three shafts at the same time. The consequence has been that we have 
never been able to open fresh ground until the shafts in hand have been 
completed. You are aware what a very threatening appearance the sky 
assumed in the early part of May. It seemed to be the common opinion 
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in Bombay that the monsoon was about to set in a month before the usual 
time. At Vehar, on the site of our works, we had constant rain in the 
mornings. Numbers of the coolies moreover left the works and would 
not return, being convinced that the monsoon had set in. I do not dis- 
guise that this state of things caused me an amount of anxiety which I 
have seldom experienced in my life. Many of my brother Engineers 
will understand what this means. I had looked forward to working with 
perfect safety certainly up to the end of May, possibly up to the 10th of 
June, whereas the monsoon was actually threatening us in the beginning 
of May. It would have been little short of madness to run any risk 
under these circumstances, and the continuation of rain morning after 
morning at Vehar made me decide to close our works for the season, and 
render all safe. Only three more shafts had to be sunk and filled up. 
Two were down halfway, and it did seem a thousand pities not to defy the 
weather, and carry on the work for another fortnight, which was all the 
time required. But I was determined that I should not be tempted out 
of the direct path of my duty, which I considered was at any cost to have 
the works safe against the setting in of the monsoon. My determination 
once taken has been rigidly adhered to, and No. 3 Dam remains therefore 
not quite completed, but still safe for the season, and the three shafts are 
left to be sunk next season. The form of the dam as it is at this present 
moment is represented in the last cross section on Plate XVII. 

A 8 the repairs to the Vehar Dams have attracted a great deal of 
attention both among the Justices and in the town, and as it would have 
been impossible for me to convey to the mind by mere description the 
nature of the work and the means adopted to carry it out, I have had two 
photographs* taken of No. 3 Dam. The first shows the entire dam at one 
view with the whole of the works in progress. The other shows a portion 
of the dam with the men at work and the method of sinking the shafts. 

The work was commenced by Messrs. Glover & Co., on a Schedule of 
Rates, but, after we had made sufficient progress with the work to judge 
of its nature, and when I found that the work was of so uncertain a 
character, and liable to lead to endless disputes, I considered it would bo 
fairer to all parties, and more satisfactory to ourselves, if they carried out 
the work as if it were departmental, and received a profit of 15 per cent, 
on the outlay to cover supervision and use of all plant. As you approved 
* Not reproduced in this publication. 
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of this suggestion, both No. 2 and No. 3 Dams have been completed on 
this understanding. The work has been repeatedly examined by both 
myself and the Deputy Executive Engineer. The daily Nominal Rolls 
of the firm have been checked by the superintendents placed in charge, 
and the weekly rolls have been sent to the office as the work progressed. 
The total cost of the works is Rs. 1,09,758.* The cost of the works exe- 
cuted in 1868 was Rs. 46,000. The last section on Plate XVII., shows 
the character and extent of the works carried out in 1868, and recently. 

Nor has the sanitary aspect of the question been overlooked or neg- 
lected. The neighbourhood of the Vehar Lake is well known to be very 
feverish. Anticipating therefore that the men employed at the dam would 
be liable to attacks of this nature, the services of a Government Apothe- 
cary were obtained. Every measure moreover was adopted to prevent the 
pollution either of the lake or even of the ground near it. Temporary 
latrines were erected, and the night-soil was daily removed to a dis- 
tance. 

It is necessary now that I should say a few words regarding No. 1 
Dam. I examined it on the 10th December, and found it in good order. 
There were a few leaks, but these were not through the dam, but 
through the natural soil under the dam. The leaks in fact are precisely 
of the same nature as those which remain in No. 2 Dam, now even that 
we know for a fact that a puddle wall exists and has been carried many 
feet into the natural soil and from hill to hill. No. 1 Dam seems at pre- 
sent in as sound a state as work constructed with the indifferent material 
to be obtained at Vehar can be expected to be. But how long it may 
remain so, it is impossible to say. A time must come when the 41 -inch 
iron main running through it must be worn away. No arrangements 
were made in the construction of the Dam to enable the Engineer to put 
down another main when this one became useless. Should a leak ever 
occur in this main under No. 1 Dam, it will be a most serious matter 
for the town, and the very worst consequences may be expected. 

The pipe lies about seventy feet from the top of the dam, and there is 
a pressure of from 63 to 50 feet of water on it, dependent on the lake 
being full or otherwise. Supposing there is a burst in the main (and this 
supposition is no extraordinary one), water will issue from the pipe with a 
pressure of say 25 lbs. on the square inch. What the effect of a stream 

♦ Tide Appendix A. 
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passing with a velocity due to this pressure will be on the surrounding 
earth it is hardly necessary for me to explain. Material must be washed 
out from the dam by the water in its outward course, and after this has 
continued for a short time, the stability of the work must be destroyed. 
To repair a leak of this nature in the manner which I have adopted to 
render Nos. 2 and 3 Dams secure, will be not only attended with great 
risk, but impossible unless the supply to the town is stopped for several 
consecutive weeks. This fact, therefore, must be looked in the face, viz., 
that a time must come, sooner or later, when from the pipe under the em- 
bankment being worn away (as all iron ultimately wears away), and from 
there being no means of substituting another pipe in its stead, the inhab- 
itants of Bombay, unless they furnish themselves with some other source 
of supply, will have to pass through a water famine. 

The question is really a very serious one for the community. The 
arrangements for drawing water from the Vehar Lake are most imper- 
fect. They consist of a masonry tower through the sides of which large 
iron pipes pass into the Lake, with copper gauze strainers over the mouths.* 
The strained water passes into the tower, at the bottom of which it enters 
the outlet pipe, whence it flows on to the town. The masonry of the 
tower leaks so badly, that I am told an attempt which was once made to 
examine the mouth of the outlet pipe at the bottom nearly resulted in 
the death of the diver, who was almost forced into the pipe by the quan- 
tity of water falling on him from above. It will thus be seen that to 
close the mouths of the strainers does not render the tower dry. It fol- 
lows, therefore, that if a pipe bursts under the embankment, it will be im- 
possible to discover the point of fracture by sending a man down the 
tower. The only thing to be done in this case will be to block up the 
mouth of the ou Jet pipe, so as to prevent any water entering it. Even 
this may be attended with difficulty, but if it is successful, the next thing 
will be to send a man into the pipe through the sluice valve at the outer 
foot of the embankment If a real fracture of the pipe has taken place it 
will not perhaps be difficult for the man to discover its position, but if the 
leak were due to an imperfect joint, no examination of the pipes from the 
inside could enable a man to discover its locality. But in either case whe- 
ther the iron is fractured, or whether the joints have separated, it will be 
impossible to repair the pipes from the inside. And let the pipes be re- 

* Vide "Detail of Tower," Plate XVHI. 
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paired in any way whatsoever, the supply to the town must be shut off 
for weeks. 

Under these circumstances I cannot but draw the attention of the 
Bench to the risk they are running in delaying to construct proper out- 
let works for the Vehar Lake, — works which should hare no connection 
with any of the dams, and be so arranged that any defective portion may 
be repaired without difficulty or danger. 

I have no reason to alter the plans which I suggested last year for the 
outlet system for the proposed Toolsee Reservoir. I here again present 
them for the consideration of the Bench.* All the works are completely 
under control, and any defective pipe may be taken out, and a new one 
substituted in its stead without trouble or risk. If the Bench desire it, 
detailed plans and estimates can be prepared to suit the system to the 
exact locality which may be decided upon for the new outlet works at 
Vehar, but it will be mere waste of time and labor to prepare these unless 
the Bench are determined to act in the matter. 

H. T. 



APPENDIX A. 

Vehar Dam Repairs. 

Quantities and Cost of Work at completed on 1st July 1871. 



Quantity. 



Bate. 



Total. 



Dam No. 2. 

Earthwork, Excavated and Refilled, in- 
cluding Pumping, Shoring, Watering 
and Funning, &c, 



Clay Puddle, Getting, Tempering, Car- 
' g, Filling, including Watering and 
ng, •• •• •• •• •• 

Pitching, taking off Pitching with Rab- 
ble Bedding, replacing do., and Setting 
Pitching, 



Bras8of 
100 c. feet 



3,618 



1,025 



squares 
245 



RS. 



4 



11 12 



6 14 



RS. A. P. 

14,472 

12,048 12 

1,684 6 



2 



* Vide " Flan of outlet work*, " Plate XVII., and Appendix B. 
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Quantity. 


Rate. 


Total. 




Carried forward, 

Dam. No. 3. 

Earthwork, Excavated and Refilled, in- 
cluding Pumping, Shoring, Watering 
and Funning, 

Clay Puddle, Getting, Tempering, Car- 
rying, Filling, including Watering and 
Punning, 

Pitching, taking off Pitching with Rub- 
ble Bedding, replacing do., and Setting 
Pitching, 

Supplying new Pitching with Rubble 
Bedding, 


Brass of 
100 c. feet 

7,049 

8,049 

squares 
1,156 

230 


TO. A. 

4 

13 

7 
23 


BS. A P. 
28,200 

28,196 

39,520 

8,092 
5,750 






Rupees, .. 


81,558 



Glover & Co., 

Contractors. 



APPENDIX B. 



Outlet Works designed for the Toolsee Reservoir. 



\Vxde Plate XVH]. 



These outlet works are designed with the view to enable the Engineer to 
repair any part of the work should it become damaged or wear away* 
The old plan of having a masonry tower standing in the water, and of 
carrying the outlet pipe from the bottom of this through the embank- 
ment is most objectionable. If the outlet pipe bursts, nothing can be done 
to repair it. Bombay at this present moment is in this happy predicament. 
The town is dependent on the security of a single pipe, which, passing 
through the bottom of a tower standing in the water, is carried under the 
main dam. If this pipe bursts it will be impossible to repair it, and the 
most serious consequences may follow such an event. 



Digitized by VjOOQ IC 



VEHAB LAKE DAMS. 275 

Now in the outlet works represented on the accompanying plan, the 
bursting, of the outlet pipe would be of no consequence whatever. The 
stop valve would simply be closed, the defective pipe would then be 
removed and a new pipe substituted in its stead. 

It will be seen that the proposed tower in these works is of a semicircular 
form, and that it is built on the side of a hill. The only pressure that 
there can be against the tower is from the side of the lake, and the curved 
form of tower is best calculated to resist this. 

Any number of inlet pipes can be inserted in the tower, and should one 
of these get out of order it has only to be plugged up, and when the 
water sinks below it the pipe can either be repaired or a new one put in. 

Any number of inlet pipes may also be inserted on the upright pipe in 
the tower, and the water may be strained twice if desired — 1st, By 
strainers over the mouths of the outer inlet pipes ; and, 2nd, By strainers 
over the months of the inner inlet pipes. 

If the upright pipe or any of the inlets fixed to it get out of order the 
mouths of the outer inlet pipes can be stopped up by plugs, and the tower 
emptied of water. After this is done workmen can descend into the dry 
chamber and carry out any repairs that may be required. 

The stop valve, if required, may be dispensed with, because if a burst 
occurs in the pipe laid along the tunnel, the water may be shut off from 
the pipe simply by lifting up the strainers, and putting plugs over the 
mouths of the inner inlet pipes. 

The tunnel should be wide enough, not only for the number of pipes 
that may be required to give the necessary supply, but also to admit of a 
pipe being carried along it to replace one that may burst. 

It is of great importance that the thickness of the masonry of the 
tower should be considerable, otherwise the water will creep through and 
the tower will not be water-tight. 

H. T. 
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No. XXVI. 



BULL'S HAND DREDGER. 



Memo, on a Hand Dredger for Sinking Welh in Foundation* or 
Bridges, invented and patented by W. Bull, Esq., Resident En- 
gineer, Oude and Rohilkund Railway, Lucknow. By George 
Woodbridge, Esq., M. Inst. C.E., Officiating Superintending 
Engineer of the same line. 



With the accompanying sketch and descriptive mode of working the 
machine by the Inventor, very little explanation is required to under- 
stand this machine. It need only be said that it is intended to utilize 
the simple but well known principle which causes any tool or instrument 
to sink in sand of its own weight by a shaking, or up and down, motion ; 
the fact of its doing this dispenses with any supplementary arrangement 
for forcing it into the material to be excavated, and has its result in the 
greatest possible economy of working. 

The advantages of this Hand Dredger are. — 

1st. It works just as well, and almost as quickly at 60 feet from top 

of platform of well as at 20 feet. [Note. — 60 feet is not the 

limit of its power, but the greatest depth at which I have 

worked it]. 

2nd. That the cost of the machine with the apparatus for using it is 

small. 
3rd. It is quickly rigged up or taken down and removed ; an hour 
sufficing to take it from one well and get it to work on an 
adjoining one. 
4th. Any ordinary blacksmith can construct it. 
bth. It is so simple that (unlike a sand pump) it cannot easily get 
out of order, and if it does it can soon be repaired. 
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&&. The principle on winch it works is so easily understood by ordi- 
nary coolies that they get into the way of working it after a 
very little practice. 

7th. The annoyance and expense of (liters are done away with. 

Daring the greater part of the past season as many as 12 of these 
Dredgers hare been at work in the wells of the bridge in course of con- 
struction over the Bam Gnnga River, near Bareilly, then in my charge. 

The pier wells of this bridge are 14 and 16 feet in diameter, sunk 
through sand, with here and there thin strata of clay or kunker. The 
dredger has been used at other bridges on the Rohilkund line, but this 
Memo, gives only data derived from personal experience on the Bam 
Gnnga Bridge. 

After having tried the sample dredger sent by the inventor, for trial, 
I made more as soon as possible, and did away with all sand pumps. In 
fact the native contractors became so keen on what they called the " Belatee 
Jhain," that they refused to use the sand pumps any longer. 

The appliances required in addition to the dredger itself, will be shown 
in Appendix A., or " method of working " the machine (by the inventor). 

Appendix B+ shows the comparison of the work done with it and 
the sand pump. The average of 14£ days' work gives the sinkage 1*27 
per day for a 14 feet well, between the depths of 23 feet and 42 feet 
below water level. The sand pump, worked by a crab, only gives '70 of 
a foot. The average, however, for the last week, when the coolies work* 
ing it (at first nearly new to the machine) had got used to it was 1*40 
for the dredger to '44 for the sand pump. A large 3 feet diameter 
sand pump holding 18 cubic feet, working with a steam hoist, might sink 
a well 3 feet in a day under the same circumstances, but against it should 
be placed the cost of the plant required, and the time spent in fitting up 
and removing the heavy apparatus necessary for working it. 

Appendix C. shows the cost of plant necessary for working Bull's 
Hand Dredger, a two feet sand pump worked by a crab, and the largest 
sized sand pump worked by a steam hoist, apportioned daily to find the 
comparative cost of work done by the three machines. 

Appendix D. shows the comparative cost of sinking by the three 
machines, (the performance of the large sized sand pump being taken at 
3 feet,) and also that the work done by the hand dredger costs much 
less than that done by either description of sand pump, and as in a well 

VOL. I. BKCOND SERIES. 2 « 



Digitized by VjOOQ IC 



878 BOLL'S HAND DRED0ER. 

where a large sized sand pomp could be worked two hand dredgers conld 
be nsed, the quantity done should be in excess. Farther the hand dredg- 
er will bring up the large lumps of sand stone or kunker so frequently 
met with in well foundations. Its greatest utility as compared with either 
description of sand pump will therefore be at once seen. 

This machine will prove of very great assistance to anybody sinking 
wells through sand, of dimension large enough to admit of the dredger 
working in them, to any depth below water. Very little weight will be 
found necessary till about 40 feet depth is reached, after that weights 
will increase the speed of sinking. 

Although not by itself adapted for clay, if the clay can be cut up or 
loosened it can be brought up by it to great advantage. 

In this Memo, no mention is made of the first 20 feet below water 
level, as there is no difficulty in sinking to that depth or even somewhat 
deeper, but when the well has to be sunk 50 or 60 below water there 
comes the question — Which of the machines used fo{ Well-sinking will 
give the quickest and cheapest results ? 

From my experience on the Rohilkund Lines, I am much in favor of 
this dredger, which has proved a very useful and handy implement. 

O. W. 



APPENDIX A. 

Method of Working Butts ITand Dredger. 

A short chain four feet long, with a ring in the centre, should be 
attached by its ends to the rings on the chains working the machine. To 
the centre ring the chain for lowering and raising the machine is to be 
fixed, of a length greater or less according to the depth of the well. On 
the well two bailees should be fixed, with an iron block made fast to the 
junction. The bulleee should not be less than 10 or 12 feet in length, 
stayed on either side to the ground. A wooden platform 6 feet X 4 feet 
composed of 1 inch sU planks made fast to two under cross pieces, is 
also required, and two f-inch ropes, one made fast to the key keeping the 
jaws of the machine open, and the other to the centre ring in the short 
chain first mentioned. 

In working, the machine is opened on the wooden platform and the 
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key fixed. It is then lowered into the well, and on reaching the bottom 
the key is withdrawn ; the rope attached to the latter should be coiled on 
one side of the platform ready for use. A gentle pulling-and-giving motion 
should now be applied with the rope attached to the centre ring of the 
abort chain, slowly at first, and as this peculiar motion causes the jaw of 
the machine to sink or cut into the sand, the strain should be increased, till 
there is no farther yielding to the pall which two men can put on the 
rope. The machine should then be raised and landed on the wooden 
platform. The operation of re-setting it for lowering, releases the sub-soil 
brought up and saves all trouble in emptying. 

The average quantity brought up, when the machine is properly work- 
ed, is 2 cubic feet ; and in a well of 12 feet 6 inches diameter, 88 feet 
deep, there is no difficulty in working it 25 times in an hour. 

Three men on the top of the well, (not including those employed in 
removing the sand, which I find best done by contract,) and 15 men to pull, 
are required to work the hand dredger. The average performance per 
day in a 12 feet 6 inches well is 8 feet of sinkage for regular work ; and 
practically speaking the depth of the well is of no consequence, the differ- 
ence of time taken by the coolies walking 10 or 50 feet being inappreci- 
able as compared with the time taken by each operation. 

The dredger is principally intended for working in sand, but brings up 
anything which is cut up so that it can grip it. The motion of the 
wells being constant they should not require weighting ; and, up to 85 
feet, I have not found it necessary to weight the well. 

W.B. 
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APPENDIX B. 

OlTDH AND ROHILKUND RAILWAY, RoHILKUND LlNB. 

Comparative Statement showing the sinking done by a Sand Pump and 
Butts Hand Dredger in a Well 14tfeet diameter. 



Bull's Haul Dredger. 



3 feet diameter Sand Pomp. 



The dredger was tested on a well that 
had been built, .. 60 feet 

Sank below surface, 80 „ 

Depth below water, 20*4„ 

Nom— There were no weights on this well. 



The sand pamp was tested on 
a well that had been built.. 50 feet. 



Snnk below surface, 
Depth below water. 



.. 80 , 



Nora.— This well was weighted with 
rails and sand boxes. 



No. of 
days. 



fa 



Well 
sunk. 



Remarks. 



No. of 
pump 
lifted. 



Well 
sunk. 



t 


60 


ft, 
0-5 


1 


188 


1-2 


1 


182 


1-2 


1 


147 


1-8 


1 


125 


1-8 


1 


168 


1-8 


1 


162 


1-0 


1 


180 


0-11 


1 


155 


1-8 


1 


200 


1-6 


1 


162 


18 


1 


150 


111 


1 


170 


1-4 


1 


190 


14 


1 


188 


0-9 


14, 


•• 


185 






1-27 



Through sand, .. 

Ditto, 

Ditto, 

Ditto, 
Sand with day, .. 

Ditto, 
Layer proportion of day, 

Ditto, 
Sand and clay, •• 

Ditto, 
Sand and silt, ., 



Ditto 



As the men be- 
came accustom 
ed to the use of 
the dredger. 



Clay and sand, 



Average sinking per 
diem, .. 



9 


.. 


12 


1-0 


14 


0-9 


15 


1-8 


14 


0*10 


14 


0-9 


15 


1-8 


13 


011 


14 


0-11 


14 


0-6 


14 


0-6 


5 


0-8 


8 


07 


11 


04 


12 


.. 




10-3 
•70 



Sand. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Sand and silt. 

Do. 
Pump ont of water* 



All empty. 



Average sinking per 
diem. 
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No. XXVII. 

ON THE ERRORS OP GRADUATION OP THE LIMBS OP 
INSTRUMENTS. 



By Lieut. Allan Cunningham, R.E., Hony. Fellow of King's 
CiUege, London. 



It is a matter of great importance for purposes of angular measurement 
that the differences of readings on the graduated plates of surveying and 
astronomical instruments should he very approximately the projections 
(on the plane of the graduated plate) of the angular movement of the line 
of sight between the readings, and that one should know how to combine 
readings to the best advantage to eliminate the inevitable imperfections in 
the graduated plate itself. The necessity of, and the mode of doing this 
are seldom even casually alluded to in text-books on Surveying, and in no 
case have I seen the rationale explained, although every surveyor ought 
to be aware that he habitually uses the very means to eliminate them. 
The errors due to imperfections in the plate itself are of several kinds. 

1st. Owing to defective centering, whether original or in consequence of un- 
equal wear of the pivot, the axis of the pivot may not paas through the 
centre of the graduated limb. 

2nd. Owing to original deformity of the limb itself, i. *., previous to graduation. 

%r<L Owing to deformation of the limb (from any cause) subsequent to gradua- 
tion. 

4&H. Owing to originally imperfect graduation. 

It wfll be shown that the errors due to these four causes may be 
eliminated. 

1st. Case,— By the use of two, four, or six verniers at 180°, 90° or 60° apart, 
even if the error he large, and also by the use of three verniers 
at 120° apart, when the error is small. 



Digitized by VjOOQ IC 



284 OH THE ERRORS OF GRADUATION, BTO. 

2nd. Case.— By use of three, four, or six verniers at 120°, 90°, or QCP apart, when 

the deformity is elliptic and small. 
3rd. Case.— By use of three, four, or six verniers at 120°, 90°, or 60° apart, when 

the deformity is elliptic under certain laws, even if the error be 

large. 
4eA. Case. — By the use of several verniers, if the error be small. 

It will be observed that the means indicated, viz., reading on serenl 
verniers is that in habitual use; and that, moreover, as the errors due to 
each cause are in a good instrument each very small, any combination of 
them may be eliminated by the same means. 

On the character of the errors thai can be eliminated by the use of several 
verniers. — The errors (in estimating angles) that can be eliminated by 
combining readings on several verniers must obviously be some function 
of the angle ; and, moreover, some periodic function of period coincident 
with an entire sweep of the radius vector round the circumference ; as if 
susceptible of indefinite increase with the angle, or even if a periodic func- 
tion whose period differed from 2*-, no combination of readings could 
eliminate the error. 

The simplest periodic functions of period 2t are the trigonometrical 
functions. Since 

Sin (180°+A)= -Bin A, tnd oos (180°+A) = -oos A, ... ..................... ............ . 0) 

Bin (2x90°+2A) = -sin 2A, and oos (2x90°+2A)= -cob 2A . ...™........ W 

an(120°-f AH-aln(a40 o +A)=- sinA,andcoi(120 o +A)+co8(240 o +A) = -ooBA •<•> 

Sin(2 x 120°+2A)+sin'2 x 240°+2A) = -sin 2A, and oos(2 x 120° +2A) +oos(2 x 240°+ 2A; = -cosU,(<) 
Bin (3x60°+8A) = - sin SA, and oos (8x60°+*A)= - oos 3 A ...„ „ „ .......-..-(*> 

It follows— 

(1). Errors proportional to either sinff, cos0, or to U sin* + 
m x cos0, will be equal and opposite in readings on verniers diametrically 
opposite, and also (3) equal and opposite to the sum of errors in readings 
on two verniers 120° and 240° distant from the first vernier. 

(2). Errors proportional to either sin 20, cos 20, or to l t sin 20 + 
wt, cos 20, will be equal and opposite in readings on two verniers 90° ap* 1 ** 
and also (4) equal and opposite to the sum of errors in readings on two 
verniers 120° and 240° distant from the first vernier. 

(5). Errors proportional to either sin 80, cos 30, or to /, sin 30 + 
m% cos 30 will be equal and opposite in readings on verniers 60° apart. 

It follows that taking the arithmetic mean of readings — 

(1). On only two verniers diametrically opposite eliminates errors 
proportional to l t sin0 + m t cos0. 
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(2). On four verniers at 90° apart, or (3) and (4) on three verniers 
at 120° apart eliminates errors proportional to l x sinO -J- n^ coed + 
/* sin 20 + m % cos 20. 

(1) to (5). On 6 verniers at 60° apart eliminates errors proportional 
to /, sing + m, cos0 + /, sin 20 + m, cos 20 + ^ sin &9 -f m^ sin 8*. 

NJB. — The verniers must be truly 180°, 120°, 90°, or 60° apart respec- 
tively, not as estimated on an incorrectly graduated plate, so that every 
pains must be taken to secure the accuracy of the angular splay of the 
verniers independently of the graduations on the Kmb. 

The formulae show that a pretty comprehensive class of errors can be 
eliminated by the use of three verniers, and a very extensive class by the 
use of six. Indeed, six verniers have apparently sufficed to remove all 
appreciable error in the largest plates or limbs. 

The formulas may, however, be made much more comprehensive. 

Since E 7 = — E", if either sin n E' = — sin n E*, or tan n E' = — 
tan n E", or cot n E' = — cot n E" ; then if E', E* be the errors in read- 
ings corresponding to two readings, it follows that if either E, sin n E, 
tan i» E, or cot n E, or any linear combination of them, such as F (E) = 
(k i E + k t sin n, E + Je t tan n, E + fa cot n* E) be proportional to 
/, sinO + m x cosO + l t sin 20 + m t cos 20 + l t sin 30 + mt sin 30 
then the errors will in general* be eliminated in taking the mean of read- 
ings on 6 verniers 60° apart; or if proportional to (/, sinO + m l cosO 
+ /, sin 20 + ro, cos 20) by using 4 verniers at 90°, or if proportional 
to (/, sinO + m t cos^) by using 2 verniers diametrically opposed. But 
since if sin E' + sin E" + sin E" = 0, or tan E' + tan E f + tan E" 
— 0, or cot F + cot E" + cot E" = 0, it does not follow that E* + E" 
+ E" = 0, therefore the use of 3 verniers at 120° apart will not neces- 
sarily eliminate this class of errors if of sensible magnitude. 

But if the errors E*, E", E"" be all very small, then since a very small 
angle, its sine and tangent are all very nearly equal, it follows that if 
(it, E + fc, sin E + h t tan E) be proportional to l x sinO + m 1 cosO + 

• Because the most obvious eolation of *, (B' + E*) + * 8 f sin n, W + Bin *, B*) + * 9 (tan n % 
V + tan »j B*) + * 4 (cot n 4 B' + cot n 4 W) = O, is E' = - E # , so that the errors would in general 

be eliminated : there most be an infinity of other solutions ; it is probable that they are all " instru- 
mentaUy" impossible, though the author is not at present prepared to prove this : but by far the most 
Important case is that in which the error B is very small. In this case, if F (B) = ( *, B «f k t sin n % 
B + *, tan n 3 B), or if P (E) = cot » 4 B, » f , n r » 4 being ail small, then B* = - E' is the unique 
solution of the respective equations in B*, B*. 

VOL. I.— SECOND SERIES. 2 H 
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*, sin 20 + m t cos 26), E being very small, then the error will be elimi- 
nated by taking the mean of readings on 3 verniers 120° apart. 

Case 1 . — Excentricity of the pivot. 

Let vi 9 V„ v v V„ be ike graduated plate (supposed circular), C its 
centre, O the foot of the axis of the 
pivot of the telescope which carries with 
it the verniers which should be so placed 
(by the maker) that the line joining 
flie zeros at V„ v x of an opposing pair 
should pass through O. Suppose the 
telescope to be turned through an an- 
gle Vi O V t ; then the angle that is to 
be arrived at is VjOV,, whereas the 
angle obtained as the difference of read- 
ings on the vernier V is V,CV, and on 
the opposing vernier v is vfiv r Join 

Now the angle ^CV, = 2 V^V,, and v,Cv t = 2 t^V, v r 
••• V i CV . + *0* = 2 (V^/VT, + Vl Y,v s ) =2 V, OV, 
t. «., the required angle VjOV, is the mean of the angles VjCV,, vfif t 
obtained as the differences of readings on two opposing verniers, (pro- 
vided the line joining their zeros passes through O the foot of the 
axis of the pivot,) even though the excentricity be considerable. 

If the error in reading at V, be estimated from the radius through 
CO, then the error is difference of AO V, the required, and AC V, the read 
angle, t. «., the error is AOV t — ACV t = CV,0 : call this E, and let 

CO 




AOV = * 



sin IS = ^- = 



C* __ CO sin CO* 

cv t CVJ 



= — . sin*, t. «., sm 



Eis. 



proportional to sin*. 

Hence it follows that this error is of the class which v^hen considerable 
can only be eliminated by using two, four, or six verniers equally dis- 
tant in arc, and when very small is also eliminated by using three ver- 
niers. Since the angle AOV, is obtained correctly by taking the mean 
of readings on V lf Vi ; and similarly also the angle AOV B , it follows that 
the angle V,OV, will be obtained correctly even if the whole pl*te be 
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shifted between the times of observing Vi, V,, so that its centre remains 
on the fixed line OA, provided the point remain steady. 

The above result has been obtained on the supposition that the plate 
is truly circular. 

Case 2.— Original Ellipticity of the Limb. 

The plate which is to be graduated is made as nearly circular as possi- 
ble by turning in a lathe. Slight defects are likely to ensue in the turning 
from the following causes : — 

let. The plate may be slighly excentrically chucked. 

2nd. The plane of the plate may be not quite perpendicular to its 

axis of revolution. 
3rd. The tool or the plate, or both, may not remain quite steady 
during the revolution. 

The first two causes would, whether separately or combined, cause the 
plate to be turned elliptic, and the third would do the same, if the rate of 
deviation from the mean position were uniform, and of period the same 
as one revolution of the plate. 

It may, therefore, be assumed that the most probable form of a plate 
intended to be circular is a very slightly excentric ellipse. 

Suppose then, that the plate is 
before graduation, the very slightly 
excentric ellipse AB, A' B'. The 
graduation is performed by subdivid- 
ing the length of the circumference 
into equal lengths.* 

It will be convenient for the pre^ 
sent to measure arcs on the ellipse 
from one end B of the minor axis 
BB' (as if B were the zero of gra- 
duation). Let P be any point on 
the ellipse, p OA the excentric angle corresponding to P, BOP = $, bOp> 
= 0, AA' = 2a, BB' = 23, * = I - ^ a fraction so small that «♦, «•, 
&c, may be neglected. Then the value of the angle BOP obtained by 
reading the vernier at P will be measured by the ratio of the elliptio 

•S* the Article w Graduation " In Gharte Knight's BngUin CyclopiediA^ArUand Sdenot Difbioiw 
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arc BP to the whole circumference of the ellipse, instead of by (as it 
should be) the ratio of the circular arc 6P, to the whole circumference 
of the same circle, so that the error will be the difference of the ratios 

length of arc BP , length of arc &P, 

Circnm. of ellipse Circom. of circle * 

Now, the length of arc BP = af* (l — «• sin* <p)Vd^ 

= a f* (\ — - sin 1 <p — terms involving e 1 , e% &c j df 

= a P* (l — - sin' $\ d+ very approximately, e being very small. 

= «*-f (f-isin*C08#)=a|(l-£), + £sin» f |. 
Similarly the length of the circumference of the ellipse 

= 2r a (I — y) very approximately. 

Also the length of arc &P, = a$ t and of circular circumference = 2**. 

To compare these, the expression for the elliptic arc BP, which is now 
in terms of ^ must be changed to its value in terms of 0. 

Sine f = bap is the complement of pOA the exoentric angle corres- 
ponding to POA which is the complement of 0, therefore 

tan f = •£- tana = (1 - «*)» Una. 

Now if 20 be the very small angle by which 6 differs from + , 

Then Jfl= tan ee (very nearly) = Un (e - ,) = j-^^ 



= {l-(l-e , )H tan». 

rery nearly, e being very small 

= jtan* . ( sec 1 © - 5 tan»0 ) ' = j sin* coe0 (l - j sin* Y"' 



1 + (1 -^tan'tfj"' 
1 + (1 - £) tan* j" 



= j sin 20 very nearly. 



Hence the length of arc BP which was shown 

l-j)^+5 sin 2 ^ v becomes 

(l_^)(0-2fl) + Jsin(2e-2W)} 



BP = a 
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— a | (l - j )(0 - ffl) + £ (sin 29 . cos 2So -cos 20. sin 2*0 ) i 

= a I (l -f)(* - 8») + 5 (sin 20 - 2*0. cos 2*) j f 
cos 22o being very nearly = 1, and sin 219 being very nearly = 2Jo» 
= a { (l - j)( - j* sin 20 ) + 5 (sin 20 - 3 sin 20cos20) j , 
(substituting for 20) 

= a J ( 1 — j ) — | ein 20 | very nearly. 

. Length of elliptic arc BP _ a \ V 1 " 4 ) 9 "" ¥ <an2 * f 
** Circumference of ellipse _ /• _ «*\ 

2 * a V i) 
«* sin 20 



2* ,6, ,(!-£) 

. « Length of circular arc 6P, oO _0 

Circumference of circle 2wa 2w ' 

A Error in angle BOP = - «* sin 20 + 16 tr a ( 1 — j V t. e. 9 

the error varies as sin 20, and is therefore of the class that are eliminated 
by reading on either three verniers 120° apart, or on four verniers 90° apart. 

These results have been obtained on the supposition, (most convenient 
at the time,) that the end B of the minor axis was the zero of graduation. 
If however the zero of graduation be (as is most likely) at some other 
point Q on the curve, then every reading will be also affected by the ad- 
ditional error due to the ellipticity of the arc QB, but as this will be the 
same for every reading, it will disappear in the values of angles because 
these can only be obtained as differences of readings. 

Hence it follows that if the original ellipticity be very small, all error 
due to ellipticity will be eliminated from the final values of angles by 
taking the mean of readings on three verniers at 120° apart, or four 
verniers at 90° apart; the zeros of the verniers should be set by the maker 
to subtend a right angle (not 90° as measured on the elliptic arc) at the 
centre of the curve. 

This result has been obtained for the particular oase of the ellipse on 
account of its importance as the most probable form of curve. A pre- 
cisely similar reasoning would show that any slightly excentric curve 
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resembling an ellipse whose arc could be represented by the formula 
i=a { k$ — «(*/ sin0 + *," cos0) - e* (it,' sin 20 + */ cos 20) 

- e* (V Bin 30 + V cos 8 tf ) - &c ->} 
where e is a very small fraction such that t 4 , «*, &c, may be neglected, 
where 9 is the vectorial angle BOP, would produce an error in the angle 
BOP proportional to l % sin0 + m l cos0 + /, sin 29 + m^ cos 20 -f. 
J f sin 30 + m, cos 80, which it has been proved could be eliminated by 
using 6 verniers, and if e be so small that e* may be neglected, then 
l t = 0, m% = 0, and the error then could be eliminated by using 3 or 4 
verniers. 

A very large class of curves of the higher orders are obviously included 
in this generalized formula, which expresses the relation between the 
arc and vectorial angle : the differential polar equation which would lead 
to this is dr* + r* dO* = ds*. 

Case 3. — Alteration of the Shape and Size of the Plate. 

There are certain laws under which even considerable alteration, may 
take place in the graduated plate without affecting the resulting values 
of angles. 

(1). Simple radial alteration, viz., that in which the lengths only of 
some or all of the semi-diameters are affected : as this does not affect the 
angular position of any semi-diameter, it does not affect the readings of 
the limb. It is worthy of notice that the readings will not be affected, 
even if this alteration be extensive and irregular. 

(2). Simple alteration of the size of the curve (if originally slightly 
elliptic), such that the change of length of arc may be proportional to its 
length. Referring to the article on " Original Ellipticity," (Case 2), if the 
change per unit of arc be k, then the change in the elliptic arc BP is 
£BP, and the change in the elliptic circumference is & X circumference, 
therefore the elliptic measure of the angle BOP in the altered plate is 

>, ■ .,[; * < ? n ? n . ar °r » which is the same as before, that is to say, 

(1 + *) X original circumference' ' ' ' 

the semi-diameter BP has suffered no change of angular position. Hence 
the readings are not affected by this change. This is evidently a case of 
simple radial alteration. 

(3). Simple translation, viz., that in which the whole plate is shifted 
(without rotation, and without relatively straining its parts) in its own 
plane. If the foot of the axis of the pivot of the telescope partake of the 
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motion, the readings will not be affected : but if it do not, it will become 
excentric, and all readings will be affected by the error of excentricity. 
It has been already shown (Case 1), how the values of angles are neverthe- 
less obtained correct in this case. 

(4). Simple rotation abont the centre, viz., that in which the whole 
plate is rotated about its centre (without straining its parts relatively) 
in its own plane : as this simply shifts every semi-diameter through equal 
angles, it affects every reading by an equal amount* and does not affect 
the values of angles which can only be obtained as differences of readings. 

(5). Any combination of the above. The same processes that elimina- 
ted errors of angles in the separate cases will when combined eliminate 
the accumulated errors. It should be noticed that change under condi- 
tions (1) and (2) may occur at anytime even between the times of read- 
ing different verniers. without affecting the readings, also that a shifting 
of the whole plate along the line joining its centre to the foot of the pivot 
may take place under condition (8) between each observation, (but not 
between the set of readings on the set of verniers required to complete a 
simple observation,) without affecting the deduced angles, but that it is 
essential under condition (4) that the plate should remain steady during 
the whole of a series of observations. 

Unfortunately this rotation of the plate between observations is the 
most likely of all to occur in the act of turning the telescope from one 
object to another, especially in a theodolite whose lower plate is only held 
by friction by a clamp : no combination of readings on verniers could 
eliminate this : it is eliminated by taking an even number of rounds of 
angles, alternately from right to left. 

Elliptic Deformation of the Plate, — The changes (1) to (5) in the plate 
above considered have not affected the relative angular positions of the 
semi-diameters ; changes of the latter class might be called deformations ; 
they are much more serious in their effects on readings than the previous 
class. 

The law of deformation of a slightly excentric elliptic plate (which will 
include the case of a circular plate) into an elliptic curve of it may be 
different and even sensible excentricity will now be investigated. 

Referred to its axes the equation of the original ellipse is of course of 
form a& + by* = 1, 

Then if X, Y be the co-ordinates of the point P in the new ellipse to 
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which any point p in the original whose co-ordinates are x, y arc shifted 
by deformation, and if cX, IY be the change in the co-ordinates, then 
x = X + aX, y = Y + IY 

.-. a (X + IX)* + b (Y + *Y)» s 1, is the equation of the new curve, 
3X and £Y being at present unknown functions probably of the co-ordi- 
nates. Now as the new curve is to be elliptic, 2X and SY must be of 
such forms that in the result the co-ordinates X,Y are not involved with 
negative indices, nor with positive indices higher than the square, so 

that 2X must be of form a Q + o,X + 6/ Y > where the functions whose type 
hY „ b Q + b t Y + a,'X> is a,b must be constant, t. «., in- 

dependent of the co-ordinates, and also constant for every point of the 
curve. 
The equation of the new curve is 

(aT+H t ' + ba» ) X» + 2 (ab j l"T~ ^ + fcvlTfc)XY 
+ (<*V + b FTV) Y' + 2 (oa TT^, + bb Q a/)X 
+ 2 (bb Q 1 + b t + aa »/) Y = 1 
which represents some conic section, and necessarily either a circle, or 
ellipse, because the changes £X, £Y are supposed finite ; no finite deforma- 
tions could deform a limited curve (as an ellipse) into a hyperbola or 
parabola which have infinite branches. 

Moreover, as in practice the changes 2X, £Y are very small, the result- 
ing curve will be only slightly excentric, as no small deformations could 
convert the originally very slightly excentric ellipse into one of great 
excentricity. 

Interpreting the law of deformation, it appears that the original curve 
will be converted into an ellipse, if the changes in either or both of the 
co-ordinates be 

(1) Independent of the co-ordinates viz., ?X = a , hY = b Q . 

(2) Simple direct functions of the same co-ordinate, viz., 3 X = a,X, 

JY = \Y. 
(B) Simple direct functions of the other or of both co-ordinates, viz.* 
8X = VY,«Y = a/X. 
Or 3X = a,X + &/Y, * Y = b t Y + a,'X. 
(4) Any combination of these. 
On comparing the equations of the new and old curves, it is seen that 
— (1) ; The only terms of the first order in X and Y are introduced 
solely by the first condition and also, that this condition affects no other 



Digitized by VjOOQ IC 



OH THE ERROR8 OF GRADUATION, ETC. 

terms : consequently, this condition simply causes a translatio. • • 
plate in its own plane without affecting its shape or causing 
effect of this change has been already fully considered ; ~ 
affects (2) or (3), it need not be re-considered : it is in fact not a defor- 
mation. 

(2). The effect of the second condition is simply to alter the co- 
efficients of X* and If, and therefore to alter the lengths of the axes 
(without rotating them), and consequently in general the excentricity also : 
the angular positions of all semi- diameters relatively to the axes are 
altered (this may easily be seen by laying the curve down on paper). 

(8.) The effect of the third condition is to introduce the term XY and 
also generally to alter the co-efficients of X* and Y*. The axes of the new 
curve are in consequence different in position from the original axes, and 
there is in general an alteration in the size and shape of the curve, and 
also in the relative angular position of all semi-diameters. 

The proof shows that deformation of an ellipse into an ellipse takes 
place (if the changes are algebraic functions of the co-ordinates) only 
when the changes in the co-ordinates are linear functions of the co-ordi- 
nates, viz., 3X =7 o,X + b x ' Y and ZY = b x Y + a/X. It is, probable, 
elliptic deformation might also take place under a great variety of transcen- 
dental laws of change : it has already been shown that if the change in 
length of arc be proportional to the length of arc (which change is of course 
a transcendental function of the co-ordinates) no angular deviation of the 
semi-diameters takes place ; the graduation of the elliptic plate by equal 
subdivision of its circumference is moreover equivalent to deformation which 
is a transcendental function of the co-ordinates ; this has been already 
considered, bnt the general case of elliptic deformation is too wide a 
subject to be further discussed here. 

For purposes of angular measurement, the angular deviation 2& of 
the semi-diameters is the only important one : the change of form of curve 
was however much more easily investigated by using rectangular co-ordi- 
nates. Changing now to polar co-ordinates, let R,e corresponding to X, 
Y be the co-ordinates of the point P of the new curve to which the point 
p of the original whose co-ordinates are rfi (corresponding to x$) is 
shifted in deformation. Also let 2R, le be the differences between the 
polar co-ordinates (corresponding to 2X, 3Y) 
Now to = (i|). aX + (*) *Y >MM UR=(^).*X+ ($»)« 

VOL. !•— SBCOBD S8&UE0. 2 I 
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tan- 1 -j. and R = VX» + Y» 

?» V3TxV = 1? Vrfx/ — *' V */ - b 
^ (X . *iT- Y . JX), and iR = -Jf (X. 2X + T . Jl) 

ae = ^{X(ft l Y + «/X)-Y(a 1 X+VY)} l 

= a l 'eos«e + ^±-^6in2e-ysin«e, 
= H a *'~ *■' + «■ + ^ sin 2e + a,' + ft.'cos2e }, 
JR=i{x (a,X+ V Y) + Y (a/ + V Y)} 
*={<*, 008*6 + ?L-±A'sin 26 + *. sin'e } 

— T {"i.+ S + a/ + »,' sin 2o + a, - * E cos 2e ] 
The change 2e will be the error in the angle 6 measured from the end 
of the major axis of the new ellipse; being of form a + ^ sin 20 + 
f», cos 2e, the periodic portion of it will be eliminated (as was shown in the 
article on the character of these errors) by taking the mean of readings on 
two verniers 90° apart, i. *., on a set of 3, 4, or 6 verniers. 

The constant portion a = a * ~ - of the above error, and also the 

error due to the arc between the zero of the graduation and the end of 
the major axis will affect ail readings alike, and will therefore disapp^ 
from the value of angles which can only be obtained as differences of 
readings. 

Case 4. — Errors due to original defective graduation. 

The original graduation of large plates is effected by subdividing into 
sixteen as nearly as possible equal parts, the length of the circumference, 
viz., by running a wheel round the plate which makes just 16 resolutions 
in a revolution round the plate : such extreme care is taken in marking 
each complete revolution, and in making allowance for slipping of one disc 
on the other, that it may be assumed that such small errors as do creep 
into the resulting graduation are either irregular, or else functions which 
are practically evanescentat any rate at 16 points equidistant round the 
curve ; and attaining a maximum in the intervals. 

It is extremely probable that small errors which are irregular, and 
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also errors which have many maxima and minima (points of practical 
evanescence) will be practically eliminated by taking readings in several 
parts of the plate, t. «., by using several verniers, bnt the author is not 
aware that the most probable defects of graduation lead to small errors, 
which are either directly proportional to, or such that 

F (E) = k t E + k t sin n^ E -f- *, tan n, E is proportional to l x sin© -f- 
m, cos© + J, sin 20 -f- m % cos 20 + l % sin 30 + m, sin 30, t. €*, which are> 
certainly and entirely eliminated by the use of 6 verniers. 

Summary of Results. 

It has now been shown 

(1). That if the plate be truly circular, errors due to excentricity of 
pivot, even if considerable, and even if the plate suffer a considerable 
translation in the direction of the excentricity between the observations 
of each point are eliminated by the use of any even number of verniers 
diametrically opposed. 

(2). That if the plate be originally an ellipse of very slight excentricity, 
provided the graduation on it be such as to sub-divide the length of the 
circumference equally, all errors will be eliminated by the use of three or 
four verniers 120° or 90° apart. 

(3). That if the plate (even if originally slightly elliptic) be deformed 
into an ellipse (even of considerable excentricity) by changes (even if con- 
siderable) in the co-ordinates of every point which are any linear function; 
of either or both, all errors will be eliminated by the use of three or four 
verniers at 120° or 90° apart. 

(4). That it is extremely probable that very small errors of original 
defective graduation will, if irregular, or if of frequent periodicity (t. «., 
if passing through their period many times in the circumference) be prac- 
tically eliminated by reading on several verniers. 

(5). That in general any error E such, that the function 

F (E) = h x E + k t sin n, E + h tan n, E + h A cot n 4 E is propor- 
tional to l x sinG + m, cose + /, sin 20 + m f coa 29 + l % sin 80 + m t 
cos 30, is eliminated by the use of 6 verniers. 

But if all these sources of error exist together, as is probably the case 
in practice, the errors will not be eliminated unless very small (as they 
really are in a good instrument), in which case by the theory of the super- 
position of small motions, they will still be eliminated. 
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No. XXVIII. 



KAMATEEPOORA CHURCH. 



By J. H. E. Hart, Esq., C.E., Superintending Engineer, Bombay. 



Description. — The Kamateepoora Church is situated in the midst of 
the native houses in the town of Bombay, near Byculla, and is intended 
for the use of Natire Converts. It was designed by Mr. W. Emerson, 
Architect, and bailt by Mr. Stevens, Assistant Executive Engineer, 
under Colonel Poller's superintendence. The style of architecture is early 
French Gothic of the 12th century. The nave is 41 X 24 feet, chancel 
19 X 18 feet, and vestry 12x8 feet 6 inches. The nave is lighted by four 
two-light and four cinquefoil clerestory windows on the south ; one two- 
light, one three-light, and two cinquefoil clerestory windows on the north; 
and one large circular rose on the west. The chancel in lighted by one 
two-light window on the north, one on the south, and one three-light on 
the east The windows are iron framed, glaaed with amber colored church 
glass, set in lead, and supplied from England on indent. Between the 
nave and chancel is a handsome Porebunder stone arch, supported on 
carved corbels. There is a wide Porebunder stone arch on the north side, 
having a large three-light window built in, which will be utilised for the 
north transept, should further extension be deemed necessary. The walls 
are of rubble stone and chunam masonry faced with blue basalt irregular- 
ly fitted rubble neatly pointed. The quoins, cornices, strings, mullions, 
window heads, and interior arches are in Porebunder stone ; the exterior 
main arches in Coorla stone. The roofs are double, and of novel con- 
struction, and very effective for ventilation. Between each of the principals 
are placed laminated beams cut to the curve of the inner roof so as to 



Digitized by VjOOQ IC 



PLATE XI 



S 
« 



lr= =i 

1 e=h| I 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



PLATE XXI. 



$awatff|0«ra (|hurrh. 



Front Elevation. 




Scale* I0fett = J inc/v 



to 



f££T. 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



KAMATERPOORA CHURCH. 297 

take boarding and pannels, which are pierced with geometrical patterns 
to form the ventilators, thus affording direct communication with the 
rentilators immediately nnder eaves of the roof. There is an air space 
all round between the npper tiled and the lower carved roofs, which 
ensures a thorough system of ventilation so essential in an Indian climate. 

The building contains 82,000 cubic feet, and the cost being Bs. 38,981, 
the rate is 7 annas and 7 pies per cubic foot. 

Half the cost is met by the Society for the Propagation of the Gospel. 

Abstbact of Cost. 

eft Rs. 

10,448 Excavating foundation, at Rs. 1-1 1-2 per 100, 177 

2,320 Concrete foundation, at Rs. 26-12-9, per 100 699 

7,700 Bubble stone and chnnam foundation, at Rs. 23-3-6, per 100, .. 1,788 

1,625 „ plinth, at Rs. 27, per 100, •• 412 

S.ft 

832| Blue basalt facing to plinth at Rs. 25 per 100, 83 

eft 

128f Coorla cut stone coping to do., at Rs. 3-9-6 per cubic foot, • • 452 

48} Coorla cut-stone qnoins to do., at Rs. 3-5-3 per cubic foot, . • 162 

76*78) Filling in floors, at Rs. 3-0-8 per 100, 234 

s.ft 

47*60 Stone pavement with bedding, at Rs. 131-12-7, per 100, . • 63 

800-jV Asphalte, &c, with bedding, at Rs. 45-3-1 per 100, • . . . 362 

669 Minton tiled flooring do,, at Rs. 186-15-3 per 100, •• .. 779 

eft 

176*3 Blue basalt cut-stone steps, at Rs. 2-9-1 per cubic foot, • • • • 453 

13,982 Rubble stone and chunam walls, at Rs. 27-7-2 per 100, • . 8,838 

s. ft 

4,969 Irregular bine basalt facing, at Rs. 15-2-4 per 100, . . • • 758 

5,166 Chunam plaster, at Rs. 12-8, per 100, 646 

eft 

863} Coorla cut-stone archwork, at Rs. 3-12 per cubic foot, . . •• 1,365 

749 J Brick and chunam arches, at Rs. 45-10-2 per 100, . . • • 410 

820 1 Forebunder stone mull ions, at Rs. 3-8-8 per cubic foot, . • .. 1,137 
a. ft 

510 F. B. stone strings to windows, at Rs. 8-10-1 per cubic foot, • • 1,858 
eft 

290 Forebunder stone arch work in window heads, at Rs. 3-12-8 per 

cubic foot, •• • • • 1,101 

6} Cut-stone bases to columns, at Rs. 4 per cubic foot, • • . . 27 

■.ft 

234 Extra labor for roll moulding, at Rs. 0-2-6 per sup. foot, . . 87 
No. 

2 Hemmygur stone caps, at Rs. 62-11, each, • 125 
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Abstract of Cost. (Continued). rs. 
eft. 

73 P. B. atone sills to windows, at Rs. 13-4 per cnbic foot, . . 237 

858} m „ quoins and jambs, at Rs. 3-0-9 per cubic ft, 2,619 

62} P. B. stone cornice below tie-beams, at Rs. 3-0-3 per cnbic foot, 189 

469| P. B. stone arcb work over do., at Rs. 3-8-10 per cubic foot, . . 1,66$ 

22} » n corbels in front, at Rs. 3-9-7 per cubic foot, . . 106 

6 „ „ „ north side, at Rs. 3-8 per cubic foot, •• 21 

No. 

2 Red stone shafts, at Rs. 47-1 each, 91 

eft 

122 J Corbels, largo, with bases, at Rs. 4-4-5 per cubic foot, •• •• 21,791 

2 J „ small, at Rs. 3-8, per cubic foot, 9 

32} Blue basalt stone coping, at Rs. 3 per cubic foot, .. •• 97 

C2| Brick and chunam walls, at Rs. 50 per 100, 2G 

No. 

9 B. P. stone caps to buttresses, at Rs. 4, each 26 

eft 

64*} Coorla cut-stone corbels, at Rs. 4-8 per cubic foot, .. • • 289 
s. ft 

120*16 Teak doors, complete, at Rs. 8-7-3 per superficial foot, 415 

567 Glazed windows, do., at Rs. 6-4 per superficial foot, . . . . 3,544 
sq. ft 

4,137 Roof complete, at Rs. 130-3-1 per square foot, .. .. 5,886- 
eft 

64 P. B. stone gable cornice, at Rs. 3-4-10 per cubic foot, •• •• 211 

12} „ finials, at Rs. 2-10-9 per cnbic foot, 36 

No. 

4 Teak trusses, complete, at Rs. 277-14-9 each, 1,112 

Tympanum and vesica, 712 

West and north porches, . . 1,075 

Belfry tower, 2,102 

Total, Rs., 37,363 

Furniture. 

Pulpit, atJRs. 200 

Reading desk, at Rs. •• •• •• 45 

Altar railings, at Rs. 261 

Font, at Rs 158 

Benches, large, at Rs. 615 

„ small, at Rs 78 

Altar tobies, and 2 chairs, 160 

Total 1,518 

Contingencies and extra establishment, . . . . 1,619 

40,500 
The Pulpit, Reading Desk, Font are of Carved Porebnnder stone The Altar Rail 
of Teak or Iron. 
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No. XXIX. 



AKOLA IRRIGATION PROJECT. 



A Precis of the Akola Project for Irrigation and Water Supply. Br 
Lowis Jackson, Esq., C.E., Exec. Engineer, Berar Irrigation. 



The proposed works consist of — 

1st. — A reservoir formed on the Morn a Riyer, by a masonry dam and 

earthen embankments, east and west of it. 
2nd. — An irrigation channel from it, five miles long to the first water- 
shed, and three miles more to the second and third water- 
sheds, from the river, to the east. 
3rd. — Filter bed, drinking and bathing basins, with a fountain at the 

gate of the city of Akola, with pipes to it, l£ miles long. 

Masonry Dam. — 625 feet long ; extreme height 36 feet ; area of section 

down to 30 feet, -3H 8 ; below that 21A; strengthened by counterforts 

50 feet apart, centre to centre; wing- walls rising to 8 feet above sill 

level, and re?eting the earthen embankments, which are 8 feet wide at 

top ; slopes 2 to 1, and 3 to 1 ; area of section 8H + -t-H*; length of 
eastern wing, 2,751, and western wing 9057 feet. 

Reservoir. — Extreme length, 2£ miles; extreme breadth, the same: area 
of water spread, 3,240 acres ; of which 1,000 alone are cultivated; and in 
which there are only three very petty villages. 

Content of reservoir : — 

Available for perennial irrigation, cubic feet, 41,10,55,831 

Available for town supply, „ 5,84,27,360 

Waste or standing water, „ ... ... ... 88,43,139 

Total content, „ 47,83,26,330 

Beside this, there will be available for monsoon irrigation in seasons 
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of extreme drought at least five times the whole content, from the Aperen- 
nial flow of the river. 

Channel. — Section below ground, 45 sqnare feet; slope 1 in 3,000, dis- 
charging 100 cubic feet per second. In first five miles are five masonry 
snperpassages, section 60; discharge 150 cubic feet per second; five 
road-crossings in the station ; two underpassages through embankments 
in 2-feet pipes, enclosed in masonry culverts, of a slope 1 in 150, dis- 
charging 100 cubic feet per second. 

In the next three miles are three snperpassages and three road cross- 
ings ; the trenches leading from this main distributary to the fields will 
be made by the land-owners. 

Town Supply.— Pipes, 4-inch, sloping 1 in 500, discharge per second 
•25 cubic feet. Beds and basins excavated in rock, with walling above 
ground. Filter bed and bathing basin each 50 feet sqnare, and 15 and 
10 feet deep. Drinking basin octagonal, side 40 feet, with a jet in the 
centre. Ascending filter, through perforated walling and perforated tiles, 
then large and small pebbles, sand, and magnetic carbide. 

BS. 

Cost of works, .. • 2,65,582 

Compensation and road diversion, . . . . 10,000 

. Establishment and contingencies, at 20 per cent, 59,116 

Total Expenditure, .. 8,84,698 

N.B. — Labor in Berar is twice as costly as in Upper India and Madras. 

Data. — Catchment area, 220 square miles ; maximum down pour, 12 
inches; runoff, 6 inches; giving 3,066 millions cubic feet in a year of 
drought, and filling the reservoir six times. 

Flood discharge, (using a local co-efficient of 12 for the formula,) 
Q -12 X 100 (N)* = 67,200 cubic feet per second; assuming a flood 
velocity of 13 feet per second, gives a flood section of 5,170 sqnare feet; 
section allowed is 625 x8 = 5000 square feet; the measured flood sec- 
tions are in support of this. 

Land under water command 45 square miles, all fertile. Supply for 
irrigation during the 8 dry months, 41,00,00,000 cubic feet, or 195 cubic 
feet per second ; which at a duty of 200 acres per cubic foot per second 
will irrigate 3,900 acres. 

The supply for monsoon irrigation daring the four wet months is more 
than enough for the whole area under command of 45 square miles; 
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but taking half, it is 45 — 5 less for waste = 40, and ~ = 20 square 
miles = 12j800 acres. 

This supposes that monsoon irrigation wants a third only of that re- 
quired otherwise, and taking the area at three times, the water required 
will be the same in amount as that for the dry season. The channel 
of supply is however made large enough to supply the whole area under 
command. 
Probable return on this scheme, when in working order :— 
8,900 acres, at 7 Rupees, ... ... ... 27,300 

12,800 acres, at 2 Rupees, 25,600 52,900 

Collection, repairs, establishment, 8 per cent, ••• 4^282 

Nett return on whole capital, 14) per cent ... 48,668 

Nett return on capital spent on irrigation only, 17 per cent 

Bates assumed according to the Baree Doab classification, but at 

double prices ; since the cost of labor in Berar is more than double 

that on the construction of the Baree Doab canal. Henoe for Berar, 

they are:— 

1 8ngar-cane, 12 } which are expected to yield mean rates of 7 and 

2 Gardens, 9| I 2 R&, as above, at the feast ; as there is a strong 
8 Certain crops, 5 > probability that sugar-cane will be much crown, 

4 Certain crops, 8 I all the sugar in Berar being now imported, 

5 Single watering, 1J J 

L. J. 

July, 1871. 
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No. XXX, 



IRRIGATION OP RICE CROPS. 



Experiments made at the Shameerpett Tank, in his Highness the 
Nizam 9 s Dominions, to ascertain the quantity of water required for 
the Irrigation of Sice Crops. By Major J, O. Mayne, R.E. Su- 
perintending Engineer, D. IP. W., Hyderabad. 



1, The Shameerpett tank is situated about nine miles from Bolarom, (14 
from Secunderabad,) and early in December last, I visited it in oompany 
with the Executive Engineer of the Division, Assistant Engineer, Lieut. 
Little, to whom the Surveys were entrusted, and Mr. Condasawmy 
Moodeliar on the part of His Highness's Government. The season select- 
ed for commencing work was at the time the cultivation of the second 
rice crops in the Deccan commences. 

2. The tank is one of the fine old specimens found in India. It was 
constructed about 200 years ago at the same time as the Hoossain Sau- 
gor Tank was built, but it has been allowed to fall somewhat into decay ; 
and has not, I understand, been fully utilized in the memory of living 
man. The collecting basin above it is about 75 square miles. When 
full the depth of water at bund would be about 40 feet, the area covered 
by the water would be about 1,875 acres. The depth of water when full 
over sill of lower sluice would be 35 feet, and the capacity up to 24 feet 
above our datum amounts' to 943,700,000 cubic feet, or 34,951,852 cubic 
yards, enough to irrigate 3,500 acres at the rate deduced from this expe- 
riment. Taking the average rain-fall of 26 inches, and *8 as co-efficient 
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of discharge, the possible collection from the whole basin would be 134 
millions of cubic yards, but as there are 32 other tanks of sizes above the 
Shameerpett Tank, it is probable that the full capacity of the latter would 
never be utilized. The breadth of bund at top varies from 38 to 50 feet* 
The outer slope is about 2 to 1. The inner slope faced with coursed 
stone is generally nearly perpendicular, but in places half to one. 

3. The sluices are of the common native pattern, built on the inner 
slope of the bund in three stages, all faced with cut stone, with steps 
leading down to the lowest sluice. This arrangement, though no doubt 
expensive, simplifies the difficulty of dealing with sluices under great heads 
of water. 

4. In each stage two circular holes ( 1 0" diameter) are cut vertically and 
communicate with a common masonry tunnel leading right through the 
bund. These tunnels are laid in the solid ground one at either end of 
the bund. The holes are fitted with large beams of wood passing through 
openings in the platform above, which are raised according to the quan- 
tity of water to be discharged. By this arrangement never more than 10 
feet head of water has to be dealt with. The timber used is of a wood 
called khyr or khyer, a species of baboo 1, and weighs about 70 lbs. to the 
cubic foot. The botanical name is Mimosa Catechu, or Acacia Catechu. 

5. These sluices with ever varying heads and discharging the water 
under such peculiar circumstances rendered it impossible to make any re- 
liable calculations as to daily discharge from tank, and after a few attempts 
the idea of measuring the water used by this means was abandoned. 

6. The irrigation commenced in the last week of November, and the 
level of the water in the tank at that time was taken as the standard level 
or datum for our calculations. 

7. The plan adopted was very simple. The tank was surveyed accur- 
ately, a contour line being run round the level of the water as it stood at 
the end of November, and other six feet contours were run above that 
level, in case the water should have risen from any extraordinary causes, 
such as heavy rain-fall, or bursting of reservoirs on higher level, and also 
to enable the full capacity of the tank to be calculated. 

8. At the same time the water was traced from the tank to the different 
portions of land under rice cultivation, each of which was accurately sur- 
veyed. Originally these were reported by the villagers to be about 100 
beegaha, or 75 acres, but they were proved to amount to 280*28 acres. 
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9. When the irrigation was completed, the tank was surveyed below 
the datum level, and so the groat quantity of water that left the tank could 
he pretty accurately calculated, and this after all is the important object 
to ascertain, as wherever reservoirs exist evaporation and soakage always 
dispose of a large quantity of water ; and this tank may, from my ex- 
perience of several thousands in the Madras Presidency, he taken as an 
average specimen. The bed of the tank is generally of a rocky nature, 
so no excess soakage took place. 

10. Any heavy rain-falls would have rendered our calculations more 
difficult, but fortunately from the middle of November to the end of Hay, 
the only falls at Secunderabad, which may be accepted for Shameerpett, 
were : — 

Week ending 8rd March "28 

» » 10th -2 

„ M HthApril -7 

» n 21st , -29 

ftrdMay -4 

1-87 

so all calculations on that account may be left out without affecting the 
results in any material degree. 

11. When the experiments were commenced, a very petty stream was 
was found by Lieutenant Little to be running into the tank, but so small 
that he could with difficulty measure it, and so I have neglected also to 
notice that. 

12. By way of arriving at some conclusions as to the nett quantity of 
water required, we made arrangements for measuring the evaporation 
from the tank. On this subject I have never before succeeded in arriving 
at any satisfactory conclusion. 

Id. I have evaporated water from pans and from pans standing in other 
pans, but I always felt the results were excessive, and that the evapora- 
tion from a large body of water was considerably less than that shown 
from pans owing to the whole atmosphere immediately over the surface 
of the tank being moist. On the present occasion I ordered a water- 
tight tin box to be constructed, and sunk it in a timber raft, so that it 
might float with its edge slightly above tank water level. The box was 
then filled to tank water level, and the whole floated out a considerable 
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distance from the shore, so that the water in the box was placed almost 
in exactly similar circumstances as the water in the tank. 

14. On two occasions careful measurements were taken of the evapora- 
tion during the previous fortnight ; other attempts were made, but fre- 
quently some trifle happened to render the measurements valueless. 

15. Between the 12th and 26th January (14 days), the evaporation 
amounted to 2*12 inches or *1514 of an inch per diem. Between the 27th 
January to the 10th February (15 days,) the evaporation amounted to 
2*67 of inches, or *178 of an inch per diem. Mean evaporation • 165 of 
an inch per diem, and this with the colder weather of December, and the 
hotter weather of March and April may be taken as a fair mean. 

16. The number of days during which irrigation was going on were 
185. 

The water in the tank fell 11-07 feet. 

The results may be summed np as follows : — 

Gross quantity of water consumed, . . . . 2,581,750 cnbic yards. 
Area irrigated, . . " 280*25 acres. 

During the period of cultivation no rain fell worthy of notice. 

Gross quantity of water consumed per acre 9,042 cubic yards. The 

crop was, it is understood, an average one. 

17. It is worthy of notice that the season not being a very favorable 
one, the water was husbanded and little or none wasted. Latterly it had 
to be raised by hand labor, the level of water falling below sill of lowest 
sluices. 

18. The cultivators had complete control over the water. 

19. The evaporation represented a depth of water in the tank of 30*5 
inches; soakage cannot be determined, but for sake of calculations we 
may reasonably assume it to be the same as the evaporation, and allowing 
an average area of water, the loss would have been 1,162,577 cubic yards. 
This would leave 1,869,173 cubic yards as the approximate nett quantity 
of water spread over the land, and which over 280*25 acres gives 4,890 
cubic yards per acre, and represents a depth of 363 inches. 

20. These calculations made under exceptionally favorable circum- 
stances, and with great care, agree, I think, somewhat with calculations 
made in other Provinces. I believe from 7,000 to 10,000 cubic yards of 
water per acre, in the gross, are generally consumed for rice from tank 
irrigation and a rain-fall of 36 feet to 40 inches fairly distributed over a 
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season is, I believe, sufficient to produce an average rice crop, without 
any artificial irrigation. 

21. The survey and measurements were undertaken by Assistant En- 
gineer, Lieutenant Little, under the orders of Lieutenant Camming, R.E., 
Executive Engineer, Secunderabad Division, and have, I believe, been 
made with great care and correctness. 

22. The climate here is a dry one, and the general level of the country 
is about 1,800 feet above sea level. These are points that should be 
noted in comparing the results with experiments made in other Districts. 

23. The total cost of the experiment was very trifling, or about Bs. 

300. 

J. O. M. 



Note on the above Report. 

The experiments at this tank, though conducted with great care, are 
not decisive. With reference to the experiments on evaporation, there is 
nothing to cavil at; but the following points, which have been neglected 
in the consideration of the amount of water required for the irrigation of 
rice, appear to me to seriously affect the value of the conclusions drawn. 

Firstly. — In para. 10 of his report, Major Mayne, while allowing that 
any heavy rain-fall would have considerably affected the experiments, pro- 
ceeds to say that a rain-fall of 1*87 inches during the period of cultivation 
" may be left out (of the calculations) without affecting the results in any 
material degree." Surely, if it were not to be considered in any other 
way, at least 1-87 inches of water, falling on the experimental rice crops, 
should be added to the actual depth of water expended on the crop ; and 
if we consider besides that the total annual rain-fall is 26 inches, and that 
on the gathering ground of the tank this gives a possible collection of 
134 millions of cubic yards (para. 2), it seems rash to neglect 1*87 in- 
ches, or one- fourteenth of the annual rain-fall. It is true that this 1*87 
inches may not have fallen over the whole gathering ground ; but the 
distribution of the fall should have been ascertained, and the amount of 
water supplied by it incorporated with the calculations. 

Secondly. — "A very petty stream," we are told in para. 11, was at the 
commencement of the experiments found running into the tank; but 
Major Mayne has "neglected also to notice that. 1 ' We are told that the 
bed of the tank was rocky ; we may assume the bed of the water-course 
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was the same. Under such circumstances, it is frequently a matter of 
great difficulty to gauge a small stream of water, and, moreover, the 
amount visible is not necessarily all that passes down the channel. There 
may have been much more running than was visible to the eye. We are 
not told whether any investigation of this point was made, and what were 
the measures adopted for ganging the stream ; nor are we informed how 
long this petty stream ran. 

Thirdly, — Why does Major Mayne deduct as much for soakage as for 
leakage from the gross amount of water expended ? The tank is said to 
have a rocky bed. Moreover, the greater part of such soakage may fairly 
be charged as water expended in irrigation. If the tank leaks, or if 
the walls of the tank are of soil admitting the percolation of water, such 
leakage and percolation must benefit the irrigated lands situated in rear of, 
and below, the tank bund. Major Mayne deducts nearly 600,000 cubic 
yards for " soakage." A large part of this, as having percolated into 
the irrigated lands, should be considered as water expended in irrigation. 

To conclude, I think it is a matter for regret that under such " excep- 
tionally favorable circumstances " the experiments, careful so far as they 
went, were not more thorough. I am convinced had the points I have 
noticed been considered, the results would have been more in accordance 
with the hitherto accepted estimates of water required for rice cultivation 
in other rice-growing countries. In Spain, Portugal, Italy, and other 
parts of India, Major Mayne's estimates would be considered too little by 
at least one-half. The only circumstances in favor of the probability of 
Major Mayne's experiments giving a better " duty " per cubic foot of 
water than those usually assumed, are that this experimental rice crop was 
grown in a comparatively cool climate, and at a cool time of the year. 
The consequence would naturally be that the evaporation, not only in the 
tank, but in the fields moistened by the waterings from it, would be 
sensibly diminished, and there would not, therefore, be so frequent a 
demand for water. 

Major Mayne's calculation makes the " duty " of one cubic foot of water 
per second in rice irrigation, 119 acres, — a result that no country that 
practises rice irrigation has yet, so far as I know, been able to attain. 
Seventy-two inches of water would give a rice duty of 60 acres nearly, 
which is a far more probable duty, judged by N. W. P. experience. In 
Portugal — I write from recollection, as I have not the information at 
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hand — the duty with a wasteful mode of irrigation is about 45 acres. 
Captain Moncrieff, in his work on the irrigation of Southern Europe, 
says that the rice duty on the Jucar canal in Valencia is locally held 
to be only 28*3 acres. In Northern Italy, Captain Baird Smith informs 
us, it is about 40 acres ; and finally, Captain Moncrieff, in the work above 
quoted, says that the duty, with the aid of the usual rain-fall, in the Doab, 
has been as high as 90 acres. 

Major Mayne's report is valuable only,"therefore, for the actual facts 
it contains, and these are the rate of evaporation of water in a tank 
during certain periods, and the quantity of land irrigated from a tank by 
an amount of water not sufficiently defined. 

W. G. B. 
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No. XXXI. 

THE DELHI IRON PILLAR, 

[Vide Frontispiece.] 



es to the South of Modern Delhi, and among the ruins 
Hindoo and Mahomed an, which coyer an immense 
^hbourhood of the last of the Indian Mogul Capitals, is 
iron monument, erected upwards of one thousand years 
lpanying picture of this " Delhi Iron Pillar " has been 
>d, in the Roorkee College Press, from a Photograph 
Sergeant Sparke, the College Photographic Instructor, 
listoric associations, the pillar has a peculiar interest to 
m the immense size of this sample of iron manufacture, 
Mnparatively rude race in very remote times, and as a 
•an Engineering it deserves the special attention of Engi- 
itry. In a late number of the " Engineer, " very interes- 
l speculations in regard to this and similar masses of 
e been published. The following extract from these 
m former accounts of the Pillar, (having regard only to 
aspect,) may be appropriately transferred to the pages 
Papers of Indian Engineering.'* 

'rinsep, F.R.S., in the Journal of the Asiatic Society, 

?he letters of the short inscription on the celebrated Iron 

ire well formed and well preserved, notwithstanding the 

lich the iron shaft has encountered from the ruthless 

invaders of successive cenluries. The language is Sanscrit : the character 

is that form of Nagari, which I have assigned to the third or fourth century 

lifter Christ, the curves of the letters being merely squared off: perhaps 

on account of their having been punched upon the surface of the Iron 

ehaft with a short cheni of steel, and a hammer ; as the absolute engraving 

of them would have been a work of considerable labor: but this point I 
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hare not the means of determining. The record tells us that a Prince of 
the name of Dhava, erected it in commemoration of his victorious power. 
Raja Dhava has left behind him at any rate a monument of his skill 
at forging Iron, for the pillar is a well wrought circular shaft of iron, 
longer, and nearly as large as the shaft of the Berenice Steamer.' 1 

General A. Cunningham, R.E., in Proceedings of the Archaeological 
Surveyor to Government of India, November 1863. — " The Iron Pillar of 
Delhi is one of the most curious monuments of India, Many large works 
of metal were no doubt made in ancient times, such for instance, as the 
celebrated Colossus of Rhodes and the gigantic statues of the Buddhists, 
which are described by Hwen Thsang. But all of these were of brass or 
of copper, all of them were hollow, and all of them were built up of pieces 
welded together ; whereas the Delhi Pillar is a solid shaft of mixed 
metal, upwards of 16 inches in diameter, and about 50 feet in length. 
It is true that there are flaws in many parts, which show that the casting 
is imperfect ; but when we consider the extreme difficulty of manufactur- 
ing a pillar of such vast dimensions, our wonder will not be diminished 
by knowing that the casting of the bar is defective. 

"The total height above ground is 22 feet, that of the capital 3} feet, 
and that of the rough part near the ground the same. But its depth 
under ground is considerably greater than its height above ground, as a 
recent excavation was carried down to 26 feet, without reaching the foun- 
dation on which the pillar rests. The whole length of the iron pillar is 
therefore, upwards of 48 feet, but how much more is not known, although 
it must be considerable, as the pillar is said not to be loosened by the ex- 
cavations. I think, therefore, it is highly probable that the whole length 
is not less than 60 feet. The lower diameter of the shaft is 16*4 inches, 
and the upper diameter is 12*50 inches, the diminution being 0*29 inches 
per foot. The pillar contains about eighty cubic feet of metal, and weighs 
upwards of 17 tons." 

Mr. R. Mallet, in the "Engineer," dated 15th December, 1871.— What 
is the material of the pillar, for upon this depends the nature of the pro- 
cesses by which it must have been made ; is it of cast-iron orof wrought- 
iron? As to this the evidence is as yet not absolutely decisive. 

The " Archaeological Surveyor," in his report appears to have though 
it to be cast-iron. What this writer means by mixed metal it is hard 
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to conjecture. Captain Bum:, R.E., deemed the pillar to be of wrought 
or forged iron. This latter view receives the following corroborations ; 
the writers accomplished and accurate friend, Mr. James Ferguseon, 
Archt., F.R.S., who has carefully examined the pillar, is clearly of opinion 
that it is of forged iron, A fragment of it has been recently sent to Eng- 
land, and the writer is informed, on, he believes, good authority, that 
Dr. Percy has heated and drawn out upon the anvil a portion of it, and 
considers it to be forged iron. This test, probably all that so small a 
specimen admitted of, is not absolutely conclusive, as Dr. Percy himself 
would no doubt admit, for some cast irons, especially those made from 
hematites with charcoal fuel, admit of being heated and at once forged 
and drawn out hot into a sort of wrought-iron. 

There can be seen the mark of the graze of a heavy round shot on 
one side, at about mid-height of the pillar, and the shaft is apparently 
slightly cracked across, the widest part of the crack being at the side 
opposite to the graze mark. The blow, then, was just not enough to break 
completely the pillar by its own inertia, when thus suddenly bent beyond 
the limit of elasticity. Did we know the vis viva of the striking mass, 
and the density and exact dimensions of the pillar, it would be possible 
to calculate approximately the cohesion per square inch of the outside film 
of the shaft at this crack, assuming it really to exist ; but wanting such 
data, and judging by tact or experience only, the writer is of opinion 
that if of British cast-iron the pillar would have been broken completely 
off by the blow of a heavy shot. 

The existence of a doubt as to the material of this pillar, one of the 
most marvellous metallic monuments in the world — shows with how little" 
completeness it has yet been examined, and how entirely ignorent those 
who have described this pillar, have been of the importance in elucidating 
the ancient working of iron in India of an exact metallurgical examination 
of its material. Let us hope this will forthwith be remedied*— by cutting 
from the pillar (below the surface, it may be) and sending home a piece 
sufficiently large and long, not only for chemical investigation, but for 
experimental determination of its extensibility and cohesion per square 
inch; for physical and chemical examination together, can alone deter- 
mine with certainty whether it be of oriental cast-iron or of wrought, r. e. y 
forged iron. 

But meanwhile let us take the alternative suppositions, and see to what 
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they will lead us. At the present day the prevalent belief is probably the 
correct one, that the production of or working in c<w*-iron is unknown to 
native Indian workmen south of the Himalaya; and, unless made under 
European direction, a pig of cast iron of 100 lb. weight could probably 
not be found in India. Yet how little is systematically known about the 
matter may be gathered from a recent notice (Times, December 4th, 1871) 
of some remarkable travels in 18G8 in Central Asia by a native emissary of 
the Indian Government. "At Faizabad, the capital of Budukshan, a town 
a mile and a half in length and a half mile in breadth, along the banks of 
the Eokcha river, he found the inhabitants skillful in smelting iron, and 
they send cast-iron pots, pans, ornamental lamps, &c, to the market/' 

Assuming that in past time cast iron was known and worked in India, 
there is yet no reason to suppose that the furnaces in which it was melt- 
ed could have been much larger than the little cupola furnaces, with blast 
from native bellows, which are now in use for making wrought-iron di- 
rect. The very largest of these native furnaces appear to be those of 
Burma ("Percy," p. 271, &c), which by draught only produce about 90 
lbs. of iron at each operation. It would have required between 300 and 
400 such furnaces, working on casting iron, all got ready to tap and tapped 
at the same moment, to run a casting of 17 tons — an operation which any 
practical founder would admit to be impracticable which such apparatus 
even in the hands of trained European workmen. Nor must it be ima- 
gined that the product of the existing little Indian cupolas, working on 
the direct process, is ever fluid enough to be tapped or run from the fur- 
nace. Were it so it might be conceivable that this pillar had been cast, 
and yet was of a crude wrought-iron, or of a metal intermediate to cast 
and wrought-iron. 

Mr. R. W. Bingham, magistrate at Chynepore, in the Shahabad district 
of Bengal, in his report on iron making, published in the official descrip- 
tive catalogue of the Indian articles exhibited in 1862 at London (4 to, 
Calcutta, 1862), says as to that region of Bengal : — " The metal never 
runs liquid from the furnace, but falls to the bottom below the blast pipe, 
from whence it is taken in a flaming mass by a pair of iron tongs, and is 
hammered on a large stone, or on a rough iron anvil, into a double wedg- 
ed-shaped pig," &c. This seems to describe the existing process of iron 
making of the present day, not only in Bengal, but all over British India, 
differing only in the size of the " bloom" or pig made, which is most com- 
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monly but 9 or 10 lbs., but in Burmah seems to reach its maximum size, 
viz., about 90 lbs., or rather lees than one-third the weight of "bloom" 
produced in one operation by the existing Catalan furnaces in Europe, viz., 
about 140 kilogrammes (" Pelouze and Fremy," vol. iii, p. 228). 

Are we then to conclude that this pillar was cast, in the absence of any 
evidence in support of that view — indeed, in face of whatever evidence we 
possess bearing on it — merely because we cannot conceive any other way 
in which it might have been made in India ? If so, this follows, that 
between the fourth century, a.d., and the present day, the whole art of 
smelting iron in India has been changed, and that the indirect, or Euro- 
pean method has been lost, and with it the knowledge of working in cast- 
iron itself been also lost. Such a view is untenable, for vessels, or other 
objects of ancient cast-iron, must, in that case, occasionally be found, 
which does not seem to be the case. 

"We are thus obliged to consider that this pillar is not a casting, but 
is a huge forging in native Indian or some other Asiatic made wrought- 
iron, and if so, the question arises, how was it forged ? We have no 
evidence that " blooms " of more than 90 or 100 lbs. each, were ever 
made by Indian methods ; these would be too small to build up singly into 
a bar of 60 inches diameter. It is, however, conceivable that such little 
" billets" as were procurable from such blooms might be welded up into 
bars, and these bars made into a faggot, out of which such a bar, by 
sufficient means for bringing it to welded heat, and for then hammering it, 
might be welded into a cylindrical bar such as that of this iron pillar. 

Now, the limit to the size of a faggot that can be welded with given 
means of heating it, is found to be when the mass is so great in proportion 
to the power of the furnace, that the exterior of the mass, where the heat 
is being applied oxidates and melts away, owing to the slowness of heat- 
ing and hence long continuance of exposure to the heat, as fast as piece 
after piece is laid on to make up for the waste. This limit has been 
reached before now even in our best reverberatory forge furnaces; it 
actually was touched upon at Liverpool, in forging the Mersey Com- 
pany's great 13-inche gun. Unless, therefore, the iron working of 
India between the third and fourth century, a.d., possessed air furnaces 
and lofty stalks, or blowing apparatus of some sort upon a scale now 
unknown, and indeed not conceivable in any form of native apparatus, we 
may confidently affirm that no faggot to form a welded bar of 16 inches 
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diameter could have been by any possibility brought to the welding heat 
at all, or without such waste as to prevent its ever being forged. 

If we pass from the heating of such a bar to the forging of it our diffi- 
culties are still greater. The limit in size of hand-forged work in Europe 
was about reached in the production in days gone by of the heaviest 
" best bower " anchor of a ship of the line. The largest section of the 
anchor shank when welded to the arms was about 8 in. or perhaps 9 in. 
across, and the welding was effected by the blows of twenty-four " strikers " 
trained to strike in time, and swinging 14 lbs. to 18 lbs. sledges. The 
shower of blows dealt for some minutes' spell, upon the mass of iron 
of this large section produced a very insignificant effect, 60 that both the 
faggoting and the welding of such anchors were often very defective, and 
the strikers having to stand close in a ring, within the short distance for 
swinging the sledge from the glowing iron, were greatly scorched by its 
radiated heat, and some with fine skins were unfitted for the work. Here- 
abouts then, the limit to hand forging was reached, both as to the power 
of the hand sledge to act upon the mass of iron, and as respected the 
power of the men to endure the heat radiated from the glowing iron at the 
short distance from it limited by the length of the handle of a sledge 
when swinging. Now the section of the shank of a "<best bower" of 8 in. 
or 9 in. diameter is to that of the Delhi iron pillar about as 64 to 201, or 
the latter would radiate from its heated extremity more than thrice as 
much heat, and an equal length more than thrice as great a mass to be 
dealt with by the sledge hammer, as in the case of the anchor. We may, 
therefore, affirm that even in European hands a bar of wrought-iron of 
16 in. diameter could not be welded up by hand labor with the sledge. 
The latter would produce no adequate impression — least of all in the 
comparatively feeble hands of Asiatics— and human skin and muscles 
could not withstand, at 5 or 6 ft. off, the intolerable glare and scorching 
of such a mass heated to the welding point. How then was this Delhi 
pillar forged in India, even assuming that some means for heating it 
existed? Forging by power in some form, of course, suggests itself, but 
upon what source of power can we even speculate ? Human muscles, 
and the " bullock walk" by which the water skins, are drawn up from 
the wells or tanks appear the only present sources of power in India. 
The water-wheel, or noria, for raising water by the application of soch 
animal power is common ; but the production of power by the descent 
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of water on a wheel seems never to have been known in India, where, 
indeed, except in the hill districts, no "falls" for water power exist. 
The windmill, though said to have been known in Persiafrom some very 
remote period, has never been seen in India, and it need scarcely be said 
steam-power is out of the question. 

It is barely imaginable that some form of falling tup hammer raised by 
men acting on ropes, after the manner of the old ringing engine for pile 
driving, may have been employed, or some rude form of tup or tilt ham- 
mer moved by bullocks acting on a walking wheel ; and it is for Indian 
archaeologists to discover if there be any records or traditions of such ap- 
pliances, without which the methods by which this huge pillar was forged 
must remain inexplicable. The pillar itself stands before us, so far, a 
metallurgic enigma ; if it stood alone, and were this great ancient forging 
in wrought-iron alone known to exist in India, we might pass it by, con- 
tent to suppose it too isolated an instance on which to found any conclu- 
sions as to the iron metallurgy of that country in former ages ; but, 
although little noticed, and apparently quite unknown to our European 
writers on iron metallurgy, this pillar does not stand alone. 

" Nothing heretofore brought to light in the history of metallurgy seems 
more striking, to the reason as well as the imagination, than this fact : 
that from the remote time when Hengist was ruling in Kent, and Cerdic 
landing to plunder our barbarous ancestors in Sussex, down to that of 
our third Henry, while all Europe was in the worst darkness and con- 
fusion of the Middle Ages — when the largest and best forging producible 
in Christendom was an axe or a sword blade — these ancient peoples of 
India, the forerunners of those now so enfeebled and degraded, possessed a 
great iron manufacture, whose products Europe even half a century ago 
could not have equalled. 

Yet these conclusions rest on no new facts, but on the colligation of 
old ones, by the light of practical knowledge. Indian archaeologists and 
writers have long known of the existence of these iron monuments of an 
ancient and lost art in India, but their importance has, the writer believes, 
not before been recognised as bearing on ancient oriental metallurgy. 
The reason of this is that those who have examined the monuments of 
India, however scholarly and able in many wayn, have not been metal- 
lurgists, and have had no practical knowledge of iron working. The 
ancient, and, indeed, the existing technology at large of India— still mort 
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of Asia at large— remains almost unexplored and undescribed, and when- 
ever it shall be examined, analysed, and described by really competent 
men — and such have never yet been commissioned with the task — results 
even more strange, and perhaps of more importance, historical and prac- 
tical, than these deducible from the Delhi iron pillar, will, no doubt come 
to light. 

Mr. George M. Fraser, tit the Engineer , dated 12th January, 1872. — 
Mr. Mallet's article in the Engineer of the 15th ultimo, on the very 
singular iron column within the mosque of the Kutab, near Delhi, is one 
which cannot fail to be particularly interesting to all students of the 
history of iron metallurgy, and is certainly in great measure exhaustive 
and complete. Mr. Mallet, however, whilst coming to the conclusion that 
this monument is of malleable metal, seems yet inclined to suggest the pos- 
sibility that at some distant date the iron workers of India may have had a 
knowledge of iron in its liquid form which at present they do not seem to 
possess, and of which knowledge history affords us no record. Mr. Mallet's 
great difficulty — and at first sight there can be no question that it is ap- 
parently an insurmountable one — is that— assuming the column to be of 
wrought-iron— of forging such a mass of metal at a welding heat by the mere 
manual power within reach of Indian iron workers at the supposed date 
of " its manufacture." The experience of many years spent in charge of 
an iron works in Southern India, where cast-iron was produced by the 
European method, but which experience also comprised constant inter- 
course with the native smiths of the country and a knowledge of the 
material they used, and of the method of its production and capabilities 
in manufacture, may perhaps entitle the present writer to offer what he 
ventures to believe will be considered by practical men a satisfactory 
explanation of how such material, labor, and capabilities might have 
been used to produce the column now under notice. 

In the first place, then, the writer would record his decided opinion 
that the column of the Kutab is of wrought, or at all events of malleable 
iron ; for during the whole course of his Indian experience, which in- 
cluded many visits to the native smelting furnaces in the Salem and 
Malabar Collectorates, together with the constant practice at his own 
works in the production of edged, not chipping tools, of the native steel ; 
he never found anything approaching an attempt to tap one of these fur- 
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naces, nor heard any Indian workman speak of cast-iron but as of a ma- 
terial utterly useless to him, and beyond his ken. 

The process of smelting, as pursued in Southern India, is probably 
sufficiently well known not to require any further description here, than, 
that in a perpendicular circular furnace about 6 or 8 feet in height, and 
of a diameter at its greatest width of about 18 inches — the blast to which 
is supplied by the alternate inflation and compression of four or six goat 
skins worked by hand, as in the ordinary smiths' fires of the country — 
the black magnetic oxide so common in the laterite formation is convert- 
ed not into cast-iron, but rather into a mass somewhat similar to the 
loup of the Catalan forges, presenting in parts a crystalline, and in others 
a fibrous, fracture. The removal of these lumps or loups — mootees they 
are called by the natives of Malabar — necessitates the breaking open of the 
whole of that part of the little furnace which corresponds to the timp and 
fore hearth of an English blast furnace ; and in order to prepare for this 
the charging at the top is stopped, as is also the blast, and the whole 
contents allowed gradually, as combustion exhausts itself, to sink down 
into the hearth, whence, when cool, it is removed. These loups or moo- 
tees (the writer must object to Mr. Mallet's term " pig," as applied either 
to these or any result of the cementation process, as the term certainly 
conveys, to English ears at least, the idea of cast iron) are generally 
from 80 to 112 lbs. in weight, and it is from the building up of 
lumps of metal, such as these, one upon the other, with such reheating 
and hammering as may have been found necessary to effect cohesion, 
that the writer conceives the Kutab column to have been produced. 

He cannot think that there is anything impossible in such a mode 
of proceeding, nor anything in the actual working of the material — which 
is of a most malleable nature, and weldable at a very low comparative 
heat — which the native smiths are unequal to performing. Fifteen in- 
ches diameter is certainly a very, very large bar; but it should be recol- 
lected that in the process just suggested it would only be the surface of 
each successive mootee (previously, of course, heated and hammered 
to the proper section) which would require to be at welding temperature, 
and that such a temperature for such surfaces might readily be produced 
in good charcoal fires without much injury to the iron so treated. The 
writer has himself seen shafting of between 6 and 8 ins. diameter heated 
in open fires composed of charcoal and " bratties " (sun-dried cow-dung), 
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and welded to good joints by native smiths in the Madras Presidency* 
Conceiving, then, that the column may have been thus built up — and of 
course the supposition is directly opposite to the idea that it might have 
been composed of longitudinal bars welded together — we find the capital 
left to be accounted for ; and the very form of this, is one which could 
readily have been produced by swaging, and finishing with such chipping 
(but this only to a small extent, the writer believes), as may have been 
found necessary. It is also to be recollected that the column itself has 
never, save, of course, in the act of raising it, been submitted to any 
severe strain, and that its cohesion has never in anyway been tried in 
tension, as is ordinary shafting. Further, the extraordinary amount of 
quiet perseverance with which the natives of India are endowed, and the 
illimitable amount of mere manual labour which any great Eastern ruler 
could bring to bear upon such an object of ambition as the construction 
of a trophy or monument as this column may be considered, would all go 
to help us to the conclusion that this huge rod of iron may have been 
manufactured in such manner, and with such material and appliances as 
the writer has described. Again, it may be remarked that, even suppos- 
ing other similar columns to exist, as Mr. Mallet seems to think, yet 
even this very existence, in 60 confessedly small a number, proves them 
to have been quite exceptional productions, and not in any way portions 
of a systematic manufacture of large iron forgings. It is, too, a point 
well worthy of notice that there would seem to be no examples left of 
what might be described as the intermediate stages of iron-working : id 
est, examples of forgings which, whilst exceeding greatly iij size and weight 
the present ordinary productions of the Indian iron smiths, would yet be of 
far smaller dimensions in every way than this column of the Eutab. The 
writer is, therefore, forced to the conclusion that this, and also any similar 
Indian columns, must be regarded as purely exceptional productions- 
types of no manufacture ever extensively or usefully existing in India, and 
indicating neither the possession of machinery calculated to produce such 
types in any number, nor even much smaller forgings. Exceptional, how- 
ever, as they appear to be in every way, he yet ventures to believe he has 
pointed out the process by which in all probability, they were manufactured; 
and if they can be regarded but as mere monuments of some now nameless 
ambition, they are yet wonderful examples of that ant-like perseverance 
and patient industry which in many ways mark the metal workers of India. 
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P.S. — May not the words " mixed metal " mean mixture apparently 
of wrought and cast-iron, which is clearly the characteristic of the crys- 
talline and fibrous fracture of the native loups or mooties ; and has the 
great depth, and consequent weight of the column under ground, been 
used as a counterpoise in raising it into a perpendicular position ? 

General A. Cunningham, R.E., in a note furnished to the Editor, March 
1872 : — When I wrote the preceding account in 1863, I described the 
Iron Pillar as formed of " mixed metal." This I did on the authority of 
the late Mr. Frederick Cooper, Deputy Commissioner of Delhi. He was 
then preparing a hand-book for Delhi, in which I find the pillar is thus 
described: — " The celebrated Loha-ka-ldt, or iron pillar, which is however 
a misnomer, for it is a compound metal resembling bronze." On thinking 
over this question some months afterwards, it struck me that a bronze 
pillar would never have escaped the rapacity of the Mahommedan con- 
querors. I therefore obtained a small bit from the rough lower part of 
the pillar, which I submitted to Dr. Murray Thomson,* who kindly fur- 
nished me with the result of his analysis, that it was " pure malleable 
iron of 7*66 specific gravity." I have since referred to various books to 
gee what account was given of the Pillar by different tourists ; and I find 
that the opinion that the pillar was made of mixed metal or bronze has 
certainly prevailed since the beginning of the century. But it is certainly 
of much older date, as the notorious Tom Coryat, more than two hundred 
years ago, speaks of the brazen pillar which he had seen at " Delee" 

An equally important error has prevailed regarding the depth of the 
portion of the pillar under ground, which was generally believed to be at 
least equal to its height above ground; but an excavation made by my 
assistant, Mr. J. D. Beglar in 1871, showed that the Iron Pillar termi- 
nated about 3 feet below the present ground level, in a knob like a flat 
turnip. To this knob were fixed eight short thick bars of iron, on which 
it rested, and these were secured to stone blocks by lead. My assistant 
passed a bamboo right underneath the pillar. 

I may add that the letters of the principal inscription of Baja Dhava, 
were originally filled with silver, small bits of which metal may still be 
seen dinging to the angles of the letters. 

• Professor of Experimental Science at the Thomaton 0. B. College, Roorkee, and Chemical 
Analyst to, the Government of the M. W. Prorinccj. 
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No. XXXII. 
TOOLSEE WATER SUPPLY PROJECT. 

[Vide Plates XXIV., XXV., XXVL and XXVII.] 



Br Riekzi G. Walton, C.E., Acting Executive Municipal Engineer, 

Bombay. 



Ik order to arrive at a correct result as to the value of the Toofeee 
scheme as an auxiliary supply to Vehar, I have endeavored to ascertain 
as far as possible the average quantity of water that has been annually 
collected in the Vehar Lake and what has been the average quantity 
annually drawn from it, the close proximity of Vehar to Toolsee being, 
I think, a sufficient justification for adopting the same data in both 
cases. 

In order to ascertain the average annual supply of water to the Vehar 
Lake (say in 1862) it is necessary to take the following into considera- 
tion, that — 

On the 7th of June, 1862, when the Lake first commenced to rise, 
the readings on the gauge showed the surface of the Lake to be 48' 1", 
i . e., 11' 1" below the top of the waste weir, or 79-59 above Puspolee datum 
(90-67 — 11-08). At the end of the monsoon, and on the 6th October, 
1862, when the surface of the Lake first began to fall, the readings on 
the gauge showed the level to be 57' 6* or 1' 8* below the top of the waste 
weir (89*01 above Puspolee datum). 

The capacity of the Lake between the levels 89*01 and 79*59 is 
5,053,000,000 gallons nearly, i.e., the quantity of water by which the 
Lake was shown by the gauge to have increased from the 7th June to 
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11th October was 3,053,000,000 gallons; but in-order to ascertain the 
whole amount of addition to the Lake during those dates it is necessary 
to take into consideration the daily supply to Bombay plus the evapora- 
tion during the monsoon. 

Now assuming the daily supply to be 11,500,000 gallons, the total 
supply from 7th of June to the J lth of October will be 11,500,000 
gallons x 127* days = 1,429,000,000 gallons. 

To this should be added 168,000,000 gallons due to evaporation during 
the monsoon ; then the total addition to the Lake during the monsoon 
will be — 
1,429,000,000 + 3,053,000,000 + 168,000,000 = 4,650,000,000 gallons. 

Prom the readings of the gauge it has been calculated that the follow- 
ing quantities have been collected each year : — 

Gallons- | Gallons. 

1862 3,053,000,000 



1867 3,653,000,000 

1868 3,247,000,000 

1869 4,180,000,000 

1870 8,021,000,000 



1863 8,522,000,000 

1864 2,419,000,000 

1865 4,126,000,000 

1866 4,112,000,000 

Showing a total of 31,832,000,000 gallons for 9 years, or an average 
of 3,481,000,000 gallons per year as remaining in the Reservoir at the 
expiration of the monsoon. 

Prom this result (according to Mr. Ormiston's calculations) 2 feet 
should be deducted as due to evaporation during the fair-weather season. 
This will reduce that quantify to 2,852,000,000 gallons (3,481,000,000 — 
629,000,000), 

• This number (127) represents the number of days between these dates on which the gauge 
showed either a continual increase, or not the usual rate of depression of the level of the Lake, that 
is to say, the number of days on which the gauge showed a rise in the level of the Lake, and the 
number of days on which the depression of the gauge has not shown a " draw-oil " as much as the 
estimated daily consumption. 

It has been arrived at as follows :— 

From the table for the year 1862, it is evident that between the 2nd of August and the*,4th of 
October, the level of the Lake constantly rose, and therefore that between those dates an addition was 
made to the level of the Lake sufficient to cause it to rise notwithstanding the daily " draw-off." 

Therefore the daily supply multiplied by the number of days between these dates must be added to 
the above quantity 3,058,000,000 gallons. 

Again, the level of the Lake on the 21st of June was 496 on the gauge — and on 28th 49*4, show- 
ing a depression of l-10th foot only for that week. Now as it has been ascertained that when the 
surface of the Lake is at this level the usual weekly rate of depression is 4-10ths, it is fair to assume 
that either the supply to Bombay had been reduced, or that the rainfall had been sufficient to furnish 
| of the week's demand ; as we know that the supply had not beenrreduced, it follows that H time* 
the daily supply of water was collected in the Lake during those seven days. By this method it will 
be found that for the year 1862, 127 days supply + the evaporation for that period must be added to 
the above quantity 3,053,000,000 in order to obtain the total quantity^of water collected in the Lake 
during that monsoon. 
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The following table has been worked out in accordance with the method 
explained in the foot-note, page 321 : — 

Days. 



1862 
1863 
P664 
1865 
1866 



Days. 




127 


1867 


118 


1868 


98 


1869 


122 


1870 


84 





.126 
,119 
.126 
.112 



a total of 1,032 days for 9 years, or an average of 115 days per year. 

I hare shown that during the fair-weather portion of the year the total 
consumption has been 2,852 million gallons, and as we hare ascertained 
that the average monsoon consists of 115 days, it is perfectly clear that 

2 852 000 000 

the daily consumption must be - '_ ' ; or 11,500,000 gallons nearly 
per diem.* 

Having ascertained this fact, I now proceed to obtain the average total 
quantity drawn off during each monsoon, thus : — 

Year. 

1862 

1863 

1864 

1865 

1866 . 

1867 

1868 

1869 

1870 



No. of Days Daily Con- 


Million 


of Rain. 


sumption. 


Gallons. 


127 X 


m 


= 


1,461 


118 X 


"» 


=5 


1,357 


. 90 X 


»» 


= 


1.137 


122 x 


hi 


ss 


1,403 


62 x 


nj 


= 


966 


123 X 


"j 


= 


1,449 


114 x 


ii* 


= 


1,369 


109 X 


"j 


= 


1,449 


105 X 


m 


= 


1,281 



Total, 11,869 

To this amount should be added the quantity due to evaporation, and 

I 

• Another method for ascertaining the daily '' Draw-off " has been worked oat as follows :— 

The capacity included between the levels recorded from the expiration of one monsoon to the com- I 

mencement of the next (deducting for evaporation) divided by the number of days between these 
dates (allowances being made for slight addition to the Lake— after the surface has once commenced 
to decline) gives the following quantities as the daily " Draw-off" for each year; — 

1862 10,300,000 

1863 . H.600,000 

1864 12,800,000 

1866 10,700,000 

1866 11,600,000 

1867 12,100,000 

1868 11,700,000 

1869 12,100,000 

1870 .., , 11,800,000 j 

Total, 104,200,000 

which equals lit million gallons per day—a result similar to that shown by the other method. 
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taking this at 168 million gallons per monsoon, the total quantity drawn 
off during the above nine years will be — 

Gallons. Gallons. Gallons. 

11,869,000,000 + 168,000,000 X 9 = 13,381,000,000 

I hare shown above that the quantity collected in the Lake as indi- 
cated by the gauge during 9 years is 31,332,000,000 gallons. 

Therefore the total quantity of water collected in the Reservoir from 
the year 1862 to 1870 is— 

31,332,000,000 + 13,381,000,000 = 44,713,000,000 gallons, 
or an average annual addition to the Lake of 4,968,000,000 gallons. 

On the 7fch June, 1871, the surface of the Lake fell to 46' 4" on the 
gauge, i. e. y 1' 9" lower than the level of Lake in 1862, and consequently 
we had up to that date drawn to a small extent (about 5 weeks' supply) 
on the storage of Vehar in addition to what we received from the annual 
rainfall. 

This fact alone affords sufficient evidence of the insufficiency of the 
Vehar Lake, and its inability to remain the sole source of supply to 
Bombay. 

Observed data show the average height of the Lake at the immediate 
expiration of the monsoon to be 1' 8* below the top of the waste weir ; it 
is therefore evident that any addition to the gathering -ground of Vehar 
could (in most years) only contribute a quantity of water equal to the 
capacity of the Lake between the level of the top of the waste weir and 
V 8* below it. 

I have already shown that the average yearly supply for the last 9 
years from 7th June 1862 to 7th June 1870 has been 4,968,000,000 
gallons. From this quantity however (in accordance with the result of 
Mr. Ormiston's calculations) I deduct 2' 6 # in depth, or about 797,000,000 
gallons as the yearly evaporation, thus leaving 4,171,000,000 gallons as 
the quantity available annually for distribution, &c, or 1 1,500,000 gallons 
per day. 

For a population of 850,000 this supply will give 13*5 gallons per 
head per diem, but as Mr. Ormiston's calculations show only 12 gallons 
per head per diem, it is clear that £ of the whole quantity available is 
lost by leakage through the dams, strata, or along the pipe line. 

From the above the following information is gathered ; that — 

The average animal addition to the Lake is 4,968,000,000 gallons. 
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The annual demand is 4,215,000,000 gallons. 

The rate per head per diem is 1 2 gallons. 

The amount wasted unaccountably is 1-5 gallons per head per diem. 

Before proceeding to apply the above results to the Toolsee reservoir, 
I here propose to investigate what our present and future position will be 
with reference to the water-supply from Vehar under the most unfavor- 
able circumstances, say partial failures of rainfall for the years 1872 and 
1873. 

On the 20th May, 1871, the surface of the Lake was at 47' 2" on the 
gauge (78*67 above Puspolee datum). 

The rain contributed about 100 days' supply to the Lake besides that 
which remained in the Reservoir after the rain ceased. 

At the end of the monsoon the surface of the Lake was at 48' 4* on 
the gauge, or 79' 84" above Puspolee datum. Between 78*69 and 79*84 
there is a capacity in the Lake of 760,000,000 gallons. 

During the 100 days 1 rain about 1,159 million gallons left the Lake, 

also about 80 million gallons were lost by evaporation, &c. ; the total 

quantity therefore collected in the Lake during the monsoon of 187 1 was 

760,000,000 + 115,900,000 + 80,000,000 

= 2,000,000,000 gallons only. 

As shown above, the average quantity of water collected in the Lake 
during an ordinary monsoon is 4,968,000,000 gallons. We have there- 
fore this year collected only 0*4 of that quantity. 

I will now go on to see what will be the quantity of water in all proba- 
bility left in the Reservoir by the 7th of June, 1872 (about the time the 
monsoon usually commences). 

On the 16th September, 1871, the surface of the Lake was at 79*84 
on Puspolee datum. 

From the 16th September to the 7th June we shall have drawn off at 

the present rate, 

Gallons. 

264 x 109,000,000 

= 2,878,000,000 

Add for evaporation ... 466,000,000 

Total 3,344,000,000 

which will be the quantity required up to 7th June 1872. 
Now between 79-84 and 66*4 the capacity of the Lake is 
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8,344,000,000 gallons, 
so that on the 7th June, 1872, the surface of the Lake will be at 66-4 on 
Puspolee datum, t. «., 84' 4" on the gauge. 

We shall then have on the 7th June 1872, about the time that the 
monsoon may be expected to commence, a quantity of water in the 
Reservoir contained between 66*4 and 3167 on Puspolee datum, i.«., 
about 3,974,000,000 gallons. Now suppose the monsoon of 1872 to be 
a failure, and that we collect the same quantity of water only as was 
received into the Lake in 1871, that is, 760,000,000 gallons, we shall 
then have remaining in the Reservoir at the end of the monsoon of 1872 — 
8,974,000,000 + 760,000,000 = 4,734,000,000 gallons. 

The surface of the Lake will then be at about 70*16 on Puspolee 
datum, or 88' 8* oh the gauge; of this we shall require (as in 1871-72) 
2,878, 000,000 gallons for use up to 7th June, 1873, before the monsoon 
of that year commences, and also about 425,000,000 for evaporation, 
making a total of 3,303,000,000. 

We have (as before stated) 4,734,000,000 gallons in the Reservoir ; 
we shall therefore have remaining in the Lake under the above condition! 
on the 7th June, 1873, 1,431,000,000 only, and its surface will be at 
50*27 on datum, or 18' 9" on the gauge. 

From the foregoing it will be plain to all that we shall have plenty of 
water in the Reservoir up to the monsoon of 1873, and even if the mon- 
soon of 1872 gives us not more than half the quantity collected in 1871. 
But in this case, however, the surface of the Lake would be about 42*5 
on datum, or 11' 0" on the gauge, and we should have only 500,000,000 
gallons remaining. 

Whether it would be injurious to health to use water for domestic pur- 
poses drawn from so low a level as this, is a question which I leave to 
chemists and the medical profession to decide. 

Now I have pointed out that the quantity in the Lake at the commence- 
ment of the monsoon (7th June, 1873), will be 1,431,000,000 gallons; let 
us assume a still further failure of rain for 1873, although I must confess 
I consider the probability of three successive failures in the monsoon as 
exceedingly remote. 

However, starting from the 7th June, 1873, with the quantity of water 
in the Lake available at 1,431,000,000 gallons, we should get from the 
partial monsoon, as in the preceding years, say 760,000,000 gallons; the 
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total quantity therefore at the end of that monsoon would be 2,191,000,000 
gallons. 

We should require for use up to the 7th June 1874, 2,878,000,000 
gallons, and also about 250,000,000 gallons for evaporation during that 
time ; the total supply required would then be. 

2,878,000,000 + 250,000,000 = 3,128,000,000, gallons. 

We should therefore, after haying drawn off all the water available 
*rom the Lake, still be deficient of the quantity required by about 
937,000,000 gallons, which, taken at 10,900,000 gallons per diem, re- 
presents a supply of 86 days. 

If the monsoon commenced later than the 7th June, we should, of 
course, be deficient in our supply by a greater number of days. 

This, then is our position as regards the supply from the Vehar Lake 
if we had three successive partial failures of the monsoon. 

If, however, we were to have a nearly total failure in 1872, and a par- 
tial one in 1873, we should then be about 240 days short of supply up to 
7th June, 1874. 

Taking a case of two total failures, we require about 4,900,000,000 
gallons each year, and allowing less for evaporation as the Lake falls, the 
demand for two years will be, say 9,300,000,000 gallons ; leaving about 
1,500,000,000 gallons only in the Reservoir; this would reduce the sur- 
face of the Lake to 19' 6" on the gauge or 51-00 on datum. 

Let us now see how we can best make use of Toolsee gathering-ground 
and storage as an auxiliary to Yehar. 

I have shown above that the total quantity of water collected in Vehar 
Lake from an average monsoon is 4,866,000,000 gallons. 

The area of the Yehar Lake is taken at 1,140 acres, and of the gather- 
ing-ground at 2,800 acres. 

Let us take the average rain-fall at 102 inches, and let x be the propor- 
tion af rain fall collected in the reservoir from the gathering-ground. 

Then 8*5 X area of the Lake in feet + 8*5 X area of the gathering 

ground in feet, 

•= quantity of water collected in the Reservoir. 

Substituting values we have 8-5 X 1,140 x 43,560 + (8-5 X 28,000 

X 43,560) x. 

_ 4968,000,000 

"" 625 

_ 795,000,000 - 422,000,000 
• ' X — 1,036,728,000 
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= 356,463,600 ^ 

103,672,800 

Now, if we take the above value of x, viz., 36 for Toolsee and deduct 
therefrom (according to Mr. Ormiston) 2*6 for the yearly evaporation 
from the Reservoir, and take the area of the Tooleee Lake at 250 acre 
(the top of the Dam being, at 450*00) we have— 

6-25 (8*5 x 250 x 43,560 + *36 x 8*5 x 1,197 x 43,560) 

ss 1,575,733,993 gallons. 
Deducting for evaporation 

6-25 (2-5 X 246 x 43,560) = 167,433,750 



Total 1,408,000,000 nearly. 

That is, the quantity of water collected in the Reservoir at Toolsee for 
yearly use is nearly 1,408,000,000 gallons, or 3,857,000 gallons daily, 
£th of which will be lost as at Yehar, leaving for daily delivery 3,430,000 
gallons, equivalent to 4 gallons per head per diem for a population of 
850,000. 

The above being the result of a rainfall of 102*, let us now take the 
ease of a smaller fall of rain, say, 84*. 
Taking the same conditions as before, we have — 

7 X 1,140 X 43,560 + s (7 X 2,800 x 43,560) 
= 795,000,000 
_ 795,000,000 - 347,608,800 _ .„ 
•"• *"~ 853,776,000 

This value of x is more likely to be correct than the former one. 
Taking this last value of x for Toolsee. 
We now get— 
(7x250 x 43,560 + 52 x 7 x 1,197 x 43,560) 6*25 = 1,675,152,52 
gallons, 
and deducting for evaporation 

(2*5 x 246 x 43,560) 6*25 = 167,433,750 

Total = 1,507,718,775 
The quantity of water collected and available for use for one year at 
Toolsee is therefore about — 

1,508,000,000 gallons, 
or 4,130,000 gallons per diem, 

ith of which will be lost (as at Yehar) leaving 3,670,000 as the daily 
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anpply, or about 4J gallons per head per diem for a population of 
850,000. 

Referring to oar Diagrams of height of water in dam, we see that after 
every third year the Vehar Lake has overflowed. It is, therefore, only 
during those years in which the surface of the Lake is below the top of 
the waste weir that any addition could be made to it from Toolsee. 

The years on which the Lake has not overflowed, the average level of 
the surface has been 1' 8" below the waste weir. Now the capacity of the 
Lake down to this depth is about 565,000,000 gallons. This quantity 
therefore could have been usually brought into Vehar, and would have in- 
creased the quantity stored in that Lake by 175 gallons per head. 

It is evident then that for the greater number of years the Vehar Lake 
has been in existence, the annual addition that could have been rendered 
to it from utilizing the Toolsee gathering-ground would have been about 
565,000,000 gallons, unless the dams and waste weir at Vehar were 
raised : — an alternative not likely to be advocated by any Engineer fami- 
liar with their present state. 

Let us now see what our position would have been if we had the 
power of so utilizing the rainfall on the Toolsee gathering-ground so as 
to raise the level of the Vehar Lake to the top of the waste weir at the 
expiration of each monsoon. 

The Lake overflowed in 1869. During that year, therefore, none of 
the water from Toolsee could have been used. 

At the end of the monsoon 1870 the surface of the Lake was 1' V below 
the top of the waste weir ; we could therefore during that monsoon have re- 
ceived an addition from Toolsee to the extent of about 537,000,000 gallons. 

In 1871 we collected in Vehar *40 only of the average annual quantity ; 
and assuming the same proportion to have been collected at Toolsee we 
should have 

1,402,000 X -40 = 574,000,000 gallons 
which could have been directed into Vehar. We should have thus brought 
in during the years 1870-1871 — 

574,000,000 + 537,000,000 = 1,111,000,000 gallons. 

If in 1872 and 1873 there are again partial failures in the rainfall, we 
shall be able to bring into Vehar from Toolsee — 

2 x 574,000,000 = 1,148,000,000, 
a total for 4 years of 2,259,000,000 gallons. 
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We have seen above that in tbe case of partial failures of the monsoon 
in 1872 and 1873 we should be deficient by 937,000,000 in Vehar up to 
7th June, 1874, after all the water available by the outlet had been drawn 
off, and I have also shown that if the Toolsee gathering-ground had always 
been utilized we should have added 2,259,000,000 gallons since 1870 : by 
this means the effect of three partial failures of the monsoon at Yehar 
would have been counterbalanced. 

If, however, in 1872 there were a total failure and in 1873 a partial 
one, we should then only have been assisted by Toolsee to the extent of 
of 1,685,000,000 gallons, and our deficiency at Vehar would have been 
2,600,000,000 still leaving a deficiency at Vehar up to 7th June, 1874 
of 915,000,000 gallons. This quantity should, I think, form the basis 
upon which any auxiliary supply to Vehar should be judged. For from 
the above figures it is clear that if a storage ground had been constructed 
at Toolsee with a capacity equal to 915,000,000 gallons or more, and 
whose rainfall (after that quantity had been stored) would discharge itself 
into Vehar, no chance of a water famine would have existed even under 
the most unfavorable conditions on which I have framed my calculations. 

I have worked out three Projects with reference to Toolsee. 

The first is known as one of Mr. Russel Aitkcn's schemes, and is thus 
described by him at page 16 of his Report on the extension of the Bom* 
bay Water Works : — 

" The second plan (Scheme No. 3) for obtaining water from Salsette, 
which I have now to propose, is the construction of a Dam in the river 
Tassoo just below the village of Toolsee, whereby the waters of the upper 
portion of the river will be diverted into the Vehar Lake, which would 
thus have its gathering-ground increased by 1,600 acres, so that the pre- 
sent supply from Vehar might be increased from 5 to 6£ gallons." 

For this scheme Mr. Aitken claims a return into Vehar of from 5 to 
6£ gallons, but, according to the calculations I have given at a former 
part of this Report, I think 4£ gallons per head is all that can be ex- 
cepted as the average annual collection from the Toolsee gathering- 
ground. 

It must be remembered that although Mr. Aitken's Dam would un- 
doubtedly enable the whole of the rain-fall on the Toolsee gathering- 
ground to be diverted into Vehar, yet unless the level of that Lake was 
sufficiently low to admit of a capacity equal to this addition, a considerable 
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portion of it would simply pass over the Vehar waste weir, or might be 
allowed to escape by some other process, 

Mr. Aitken goes into very little detail of this scheme, and I am not 
surprised at his reticence, since he was satisfied, as all others must be who 
have gone into the subject, that an independent and not an auxiliary sup* 
ply is what is required to give an efficient water-supply to Bombay: 
Toolsee at the best can only be an auxiliary. 

I have before pointed out that for the greater number of years the 
Vehar Lake has been in existence the level of that Lake has been, at the 
expiration of the monsoon, at or about the level of 1' V below the top 
of the waste weir, and that this capacity represents 5,65,000,000 gallons. 

Now taking the total rainfall of Toolsee to be 1,508,000,000, the dif- 
ference between 1,508,000,000 and 565,000,000 = 943,000,000, will 
show the quantity which would have passed over the Yehar waste weir for 
the greater number of years that the Lake has been in use. 

Mr. Aitken's estimate for this work is Rs. 2,01,060, which amount in 
consequence of the fall in the rates for materials and labor, and by the 
substitution of chunam for cement in the Dam, I have been able to reduce 
to Rs. 1,38, 315. 

A waste weir and a regulating sluice I have provided for in this scheme 
in order not to render it compulsory, when the Vehar Lake is full, that 
the surplus water from Toolsee should pass over the Vehar waste 
weir. 

By Project No. 2 it is proposed to impound the water on the Toolsee 
ground by a Dam at such a level as to utilize the ridge of hills between 
Vehar and Toolsee as a waste weir, that is to say, to erect a Dam 64 feet 
high above the bed of the Tassoo river, and by so doing to conduct the 
surplus water (after the Lake had filled to this level 43000) over the 
dividing ridge of hills between Toolsee and Vehar into the latter. 

I estimate the quantity of water impounded by such a Dam to be 
581,000,000 gallons, the whole of which can be drawn off into Vehar at 
any time that it may be required by means of a channel (partly in cutting 
and partly in tunnel) governed by a Penstock. 

The top of the Dam will be 434-00 above Town Hall datum, and that 
of its waste weir (150 feet in length) 431-25. 

When the water in the Reservoir rises to 430-00 all additional rainfall 
will flow over the low dividing ridge (already alluded to) into Vehar. In 
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the event of the Vehar Luke being full, and to prevent the flow of the 
Tool see water over the Vehar waste weir, I propose to raise the level of 
this dividing ridge to 431*25 temporarily by means of cast-iron standards 
and boarding, so that, as soon as the surface of the Lake is raised to that 
level, the surplus water, instead of being discharged over Vehar waste 
weir, will pass over the one at the Toolsee Dam. 

The result of this scheme will therefore give 581,000,000 gallons, or 
1*9 gallons per head per diem for the present population, stored and 
available at all times as an auxiliary to Vehar, and also as much of the 
available Toolsee rainfall as can be annually stored in the Vehar Lake. 

The total estimated cost of this scheme, less compensation for ground, 
is Rs. 1,75,221. 

Project No. 3 differs from No. 2 only in having higher Dams, and con- 
sequently increased storage. 

The Dam (of rubble masonry) will be 74 feet high, t. e ,its top will be 
449-00 on datum (Town Hall) with a waste weir (150 feet long) 446*25 
on datum. 

The level of the low ridge of hills separating Vebar from Toolsee being 
430*00 only, it becomes necessary to erect a small Dam upon its crest, 
the level of the top of which will be 448*5 on datum : this Dam will be 
furnished with a waste weir 200 feet long, the level of which will be 445*00 
on datum. 

The greatest depth of this Dam will be only 21*0 feet, a fact which 
will entirely do away with the cause of fear which has hitherto obtained 
at the construction of Dams on the water-shed of the Vehar Lake. 

By this scheme I estimate 1,451,000,000 gallons of water will be 
stored up available at any time, not only as an addition to Vehar, but 
would afford 365 days 1 supply of 4 J gallons per head per diem of the 
present population, should the Vehar supply at any time become unavail- 
able. 

The connection between the Toolsee Basin and Vehar will be the same 
as that in Project No. 2. 

After the level of the surface of the Reservoir, has risen to 448*5, all 
additional rainfall will pass over the waste weir of the small dividing ridge 
mto Vehar, so that Vehar may be said to secure the whole of the rainfall 
ef Toolsee as soon as the level of that Basin has risen to 448*25. 

In order to prevent (as in Project No. 2) the Toolsee water from flow- 
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ing over the Vehar waste weir, the same arrangements of standards and 
boards as proposed in that scheme will be adopted in this. 

The benefits to be expected from this scheme are as follows: — 
1,451,000,000 gallons, or 4£ gallons per head per diem of the present 
population, stored up and available as required, and as much of the avail- 
able rain-fall of Toolsee as can be stored in the Yehar Lake ; also the 
advantage of keeping the Yehar Lake up to its normal level. 

The estimated cost of this scheme is Rs. 3,59,153. 

In reviewing these three Projects as auxiliary supplies to Yehar, I 
think it is almost needless to point out the great superiority of the last 
(No. 3) over the other two, and of No. 2 over No. 1. 

1 will simply note that No. 3 Project provides us with a storage of 4£ 
gallons per head per diem for 365 days' supply as a stand-by in case of 
need, keeps Yehar at its normal level, and besides gives us in addition 
all the advantages of Project No. 1. 

Project No. 2 gives us the advantages to be derived from Project No. 
1, together with a storage equal to 1*9 gallons per head per diem of the 
present population for 365 days. 

The advantage of Project No. 1 will be to divert into Yehar as much 
of the Toolsee rainfall as that Lake will hold. 

In conclusion, I say that the benefits to be derived from Project No. 3 
as compared with the slight increase of expenditure of that Project over 
No. 2, point to it as the one to be adopted, and further, since we shall have 
lost one year's storage at the commencement of the monsoon of 1872, 
that unless either one of these schemes or some other auxiliary to Yehar 
is adopted, in our present position without such assistance, we shall re- 
quire several very excessive monsoons to make up this deficiency. 

In the event of the works entailed in Project No. 3 being commenced 
by the end of January next, it will be perfectly possible to raise the Dam 
to the necessary height and to complete the Tunnel before the commence- 
ment of the monsoon, so as to carry off nearly all of the water collected 
from the Toolsee gathering-ground direct into Yehar. 



Remarks by Thomas Ormiston, Esq., M. Inst. CJ2. 
Mr. Walton has worked out three projects, all of which are simply to 
increase the gathering-ground of Yehar, by an addition of 1,477 acres; as 
Yehar has already 3,948 acres, this will increase it to 5,395 acres. 
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It may be remembered that Mr. Conybeare in his second report states, 
that he is of opinion it would be desirable to increase the gathering- 
ground of the Vehar works to 5,500 acres, which is almost exactly what 
any of Mr. Walton's projects would do. 

With an average rain-fall the gathering-ground of Vehar and its re- 
servoir are fairly balanced ; only three times since the works were com- 
pleted has the latter overflowed, and generally it stands at the close of the 
monsoon about 18 inches under the waste weir. But au average rain-fall 
is not what we have to deal with, it is rather a minimum fall, and it so 
happens that last monsoon we had only half the average, and the lake has 
now consequently fallen 10 feet below its usual level. 
. On the whole, I think the time has come when steps should be taken 
to ensure a full supply from Vehar. Even if the Bench decides on carry- 
ing out any of the great schemes which have been so long in embryo, it 
would be years before they are available, and we require immediate help. 
I therefore recommend the Bench to acquire and utilize Toolsee. 

The Toolsee valley runs into the Kennery valley through a narrow 
gorge, the bed of which is about 50 feet under the lowest water-shed be- 
tween Toolsee and Vehar. Any dam therefore which does not exceed this 
height would not in any way affect the safety of the Vehar dams. Pro- 
ject No. 1 is for. a dam 36 feet high and 240 feet in length, with a channel 
leading into Vehar. Project No. 2 has a dam 60 feet high and 400 feet 
in length, with a similar channel. Mr. Walton does not recommend, 
either of these schemes, and I agree with him that if Toolsee is to be 
utilized at all, it should be so to the greatest extent possible. 

Project No. 3 has a main dam 74 feet high and 485 feet long, with a 
channel as in the others, and a second dam on the watershed 1,100 feet 
long and about 21 feet high. It is essential that the safety of this dam 
should be put beyond all doubt, as its failure would in all probability cause 
that also of the Vehar dams. It is, however, of such a small height that 
this is quite practicable even if it were made higher. 

Mr. Walton has estimated that No. 3 Project will cost 3£ lakhs of 
rupees, exclusive of the land. I would, however, recommend the Bench 
to consider that this will be exceeded, and that it will be more safe to look 
upon it as a five lakh work, say £50,000. I say this because I think 
some of Mr. Walton's prices are rather low, and because I would recom- 
mend some alterations and additions which will increase the cost, such as 
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widening the channel in open cutting and increasing the gradient of the 
adit, providing an inlet tower for an independent main in case it should 
be required, and strengthening the separating dam. I am also inclined 
to recommend that the waste weir on the separating dam he dispensed 
with, and a subsidiary dam formed below the main dam of the Tassoo, so as 
to form a water cushion as is at present in operation at Eurruckwasla. 
The supply to Vehar would thus be entirely under command and be re- 
gulated by sluices. When the works were completed and in operation, it 
would probably be considered advisable to keep Toolsee filled as a reserve, 
running off its surplus water so far as was required into Vehar, or, if that 
reservoir were full, to waste over the main dam into the Eennery valley. 

It will be observed from what I have said, that this project, while it 
gives an independent reservoir, does not so far as described or estimated 
give an independent supply. The question of making it so also does not 
press for immediate settlement : it can be done either by a separate main 
into Bombay, which would give a high service supply, or by leading it 
into the present main somewhere between Goorla and Vehar. 

I need hardly say that it is impossible to complete the works before 
next monsoon, but, if let at once to an experienced and energetic contrac- 
tor, it is possible to make the conduit and so much of the dams as will 
ensure, if not all, the greater part of the Toolsee water of next mosoon 
being turned into Vehar. Even if this be done it will take a heavier rain- 
fall than we have any record of to fill the Vehar reservoir from the united 
gathering grounds. 



Note by T. C. Hope, Esq., C.S., Acting Municipal Commissioner. 

My own opinion, after visiting the locality, is that Toolsee should be 
utilized as an increase to the gathering ground of Vehar to the utmost 
extent of which it is capable— -namely, to that of the third or largest of 
the three projects, but that it would be a mistake to attempt to make it 
anything more ; that is, an independent supply either for annual use, or 
in the event of the Vehar Dams bursting. For the latter purpose it is 
too small, and the money which would be necessary to connect it with 
Bombay direct would be far better reserved for a totally separate reservoir 
of far larger dimensions elsewhere. 

Toolsee will thus be simply a reserve to supply the deficiencies of 



Digitized by VjOOQ IC 



T00L8BK WATER BUPPLY PROJECT. 335 

Yehar from year to year, and the water which may remain oyer after 
serving this end in one year, will remain in hand for emergencies perhaps 
greater in the next. As the water will always be drawn from a low level, 
the balance in the Lake will be periodically changed throughout and com- 
paratively fresh. 

With regard to the financial aspect of the question, Mr. Walton assures 
me that his rates have been taken from Contractors now willing to work 
on them, and that the 3£ lakhs he names will not be exceeded. It would 
perhaps be safe for the Bench to assume four lakhs as the limit. 
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No. XXXIII. 



BRIDGE FOUNDATIONS ON PUNJAB STATE 
RAILWAY. 



RESOLUTION,— By the Government oj India, P. W. l)ept. 

Simla, nth September, 1871. 

The Governor General in Council is pleased to direct that a Committee 
of Engineers shall assemble at Simla forthwith for the purpose of consi- 
dering the question referred to in the papers now read. It is desired 
that the Committee will discuss the proposals and opinions contained in 
these papers, and will make a decided recommendation as to the design 
that should be adopted for the piers of the large bridges on the Punjab 
Northern Railway. 

As to the design for the abutments, and the general nature of the 
works that should be devised for their protection, it is possible that the 
Committee may consider that the information contained in these papers 
is not sufficient to admit of their offering an opinion with confidence, but 
even should this be so, the Governor General in Council will be glad to 
receive such an expression of their views on the subject as they may 
feel justified in offering, based on their wide professional experience, and 
their general knowledge of the character of the large rivers to be dealt 
with. 

The Governor General in Council desires that the Committee will meet 
and report with the least possible delay, but the more pressing question 
referred for their opinion, viz., the pier design, should be considered first, 
and their conclusions reported as soon as arrived at, and within, if possible, 
two or three days from this date. 

The Committee will be composed as follows: — 
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President : 

Colonel F. H. Run d all, R.E. 

Members : 

Colonel C. W. Hutchinson, R.E. 

Lieutenant-Colonel P. P. L. O'Connell, R.E. 

G. L. Moles worth, Esq., Consg. Engineer for State Railways. 

A. H. Vaux, Esq., Memb. Inst. C.E. 



Report of a Committee assembled by order of the Governor General in 
Council to investigate the design for the piers of the large bridges on the 
Punjab Northern (State) Railway, — Dated 14th September^ 1871. 

Agreeably to the orders conveyed in the Resolution of the Governor 
General in Council, dated Simla, 11th September, 1871, the Committee 
assembled on the following day, and thoroughly discussed the proposals 
and opinions contained in the several papers furnished to them, together 
with the above orders. 

The Committee were directed first " to make a decided recommendation 
as to the design that should be adopted for the piers of the large bridges ;" 
and next to convey such an expression of their views as they may feel 
justified in offering, with the information at their disposal, regarding "the 
design for the abutments and the general nature of the works that should 
be devised for their protection." 

The proposals and opinions which the Committee were called on to 
discuss in regard to the first point consisted mainly in the relative merits 
of constructing the piers with a single cylinder, 18 feet, or with two se- 
parate cylinders, 12 feet 6 inches in diameter, the depth to which both 
designs should be sunk below low-water level being the same, viz., 60 feet. 

After thoroughly weighing all the arguments brought forward, four 
out of the five Members of the Committee expressed a decided opinion 
adverse to the adoption of a single cylinder of any practicable size for 
such rivers as the Ravee and Chenab, but reserved their opinions with 
respect to the Jhelum, as there was no reliable information before the 
Committee as to the material of which the bed of the latter river is com- 
posed. They were of opinion that the same amount of material distribu- 
ted in two or more wells would ensure better distribution of the bearing sur- 
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face for supporting the superincumbent weight, while in the event of the bed 
of the river getting scoured, the obstruction opposed to the current when 
flowing in a direction parallel to the piers by the smaller cylinders would 
be very greatly diminished. 

The Committee, however, considered that a still better distribution 
would be secured by arranging for three wells, pitched in line at not more 
than 2 feet apart; the two outer wells, being 10 feet, and the oentre 12 
feet diameter, would, it was believed, diminish still further the obstruc- 
tion. To this arrangement, which increases the entire mass of material 
by about 10 per cent., Mr. Vaux, while adhering to his opinion, that the 
stability of the 18 feet well was equal to any other disposal of the same 
mass of material, agreed as being unobjectionable. The superstructure 
to be raised on these foundation cylinders, which should be filled up per- 
fectly solid with concrete, the Committee were of opinion should consist 
of solid masonry. 

While thus announcing their conclusions as to the relative merits of the 
two designs which have been advocated, the Committee feel bound to 
represent to the Government their decided conviction, that with neither 
of them can the safety of any bridge founded on such material as is found 
in the Punjab Rivers (the Jhelum excepted) be completely ensured. In 
the opinion of the Committee, the only principle by which entire security 
can be obtained in such rivers, whose declivity is comparatively great, is 
in preventing the bed of the river in the neighbourhood of the bridges 
from being eroded or scoured. This can be perfectly effected (always 
supposing that the first principle of sufficient water-way has been provid- 
ed) by enclosing certain portions of the bed between curtain-walk and 
connecting those walls with a solid apron or flooring, and further protect- 
ing them both up and down-stream with solid material of some description. 

The design, is based on the necessity for arresting the onward motion 
of the material of which the beds of these rivers is composed, and which in 
times of flood partakes of a semi-fluid nature. This is the more necessary, 
as one peculiar characteristic of these rivers is to acquire the additional sec- 
tional area necessary to discharge their extreme flood-waters by scouring 
the bed and extending its width, rather than as is the ease with delta rivera 
in the south of India, by raising their surface level. The rise and fall of 
the Punjab rivers is comparatively small. The section of the 6utlej at 
Phillour is a clear illustration of the action which takes place duriig 
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flood. The discharge having been ascertained by actual observation, the 
requisite sectional area or water-way to be given to the bridge is easily 
determinable ; and then in order to preserve that water-way uniform, the 
the protection of the bed from erosion is necessary. The construction of 
curtain-walls must, it wilt be readily seen at once, arrest the onward 
motion of the particles of which the bed is composed, while the flooring 
consisting of material whose specific gravity is far greater than the velo- 
city of the river can move, effectually prevents any scouring action taking 
place around the piers, and tends to maintain a uniform velocity of the 
stream, and prevent any great acceleration of it in any one channel. The 
great obstruction which the unprotected cylinders create when laid bare 
by the scouring of the bed around them is thus avoided, and all that is op- 
posed to the stream is the comparatively narrow width of the piers, and 
this again is reduced to a minimum by the addition of finely-pointed cut- 
waters. In this way alone the Committee believe perfect security from 
accident can be ensured. In the unprotected cylinders arrangement, there 
is no guarantee whatever that the actions of the flood may not at any 
time be concentrated in one channel under any one span, and the bed 
of the river in that span be scoured out to a greater depth than even 60 
feet. Consequently it cannot be asserted with any degree of reliability, 
that any practicable depth to which cylinders may be sunk will prove 
sufficient to ensure permanent stability. The larger the diameter of such 
cylinders, the greater the obstruction they present, and the greater the 
obstruction, the higher velocity of current will they create, and conse- 
quently the greater scour will result, and thus the forces at work to 
undermine the pier are being generated in a continually increasing ratio. 
The more of the cylinder which is thus exposed, the greater weight will 
its base have to sustain, while the frictional resistance of its perimeter 
will be diminshed. Hence the tendency for the cylinders to subside un- 
equally will be always increasing. 

The security procured by protecting the bed from erosion can, however, 
only be obtained at an increase* of cost, that is, if the unprotected cylin- 
ders are to be sunk not more than 60 feet below low-water level, but if 
sunk 90 feet, the cost would be brought nearer to an equality. 

It will be for the Government to determine whether it is worth while to 
incur the additional outlay in either case in order to obtain that security. 

* The relative oott of the two fattens will be as 81 to 44. 
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The Committee believe that they are only called upon to give an engineer- 
ing opinion on the question, and the opinion which they unhesitatingly 
and decidedly maintain is, that additional precaution is necessary for the 
security of bridges constructed in the rivers in question, but of the two 
methods, they consider that of protecting the bed from erosion as the 
sounder principle of design. If the design of unprotected piers be adopt- 
ed, the spans will probably remain unaltered, or about 100 feet, from cen- 
tre to centre. 

If curtain-walls and floorings be used, a reduction in span would be 
admissible ; and a corresponding reduction made in cost of superstructure 
by the ultimate cost of the two relative designs will be about that men- 
tioned above. 

On the second point, viz., " design for the abutments and the general 
nature of the works that should be devised for their protection," the 
Committee are unable to offer any reliable opinions in the absence of any 
surveys or sections of tho rivers, or any calculation or observation as to 
their flood-volumes and other particulars, a knowledge of which is essen- 
tial in order to arrive at any idea of the extent or the form which such 
protective, or rather training works should assume. The requisite infor- 
mation has been called for by telegraph, and on its receipt, the Committee 
propose to re-assemble. In the meantime, they submit without delay, 
agreeably to the orders they have received, the conclusion at which they 
have arrived as regards the pier design. 



Note by A. H. Vaux, Esq., Member of the Committee (State) Railway. 

Dated 15th September, 187 L 

I concur generally. Platforms at low-water level with deep curtain- 
walls are known successfully to protect the beds of rivers. The efficacy 
of such platforms was discussed and acknowledged by Government when 
the beds of the streams draining the Rajmahal Hills were being protected 
some years ago by the East Indian Railway. The platforms were costly 
but successful, and experience convinces me that, even in very large 
rivers from an engineering point of view, the precaution is perfectly sound 
in principle if the flood discharge below dry-weather level is small when 
compared with the whole discharge of the river. 

My preference for a single cylinder of 18 or 18J feet diameter, instead 
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of three wells in line, of 10, 1 2 and 10 feet, is founded on my belief that the 
single well, which contains the same bulk as the three small wells, pre- 
sents a less surface on which friction will act, and that it can, therefore, 
bulk for bulk, be sunk more readily and deeper than the three small wells. 
For the same reason, the chances of injury from meeting obstructions iu 
the process of sinking are less in the larger than the small well. The 
exposed surface in the three wells, as compared with the same bulk in one 
well, is as 64 to 37. The comparatively large amount of space for work- 
ing within the large single cylinders also facilitates the process of sinking. 
Could we sink all the wells to the same depth, and could we ensure 
that no damage should accrue during sinking, I believe that three wells 
would be as good as, but no better than, the single well. We know that 
the flood discharge below dry-weather level is trivial in the Chenab and 
Ravee when compared with the whole discharge of those rivers, and I 
attach but little importance to the objections which have been urged as to 
the obstruction caused by the increased diameter of the large well. Above 
low-water, the piers wilt be alike in obstructive width, whatever be th% 
nature of the foundations. I would use up the small curbs which are on 
hand, and thereby avoid delay ; but I would make no more. 



Second Report of Committee on the subject of the designs for Punjab 
Northern Railway bridges over Ravee, Chenab and Jhelum Rivers. 

Dated 13th October, 1871. 

On the 2nd instant the Committee re-assembled for the consideration 
of further points connected with the construction of the bridges on the 
Northern (State) Railway. Having the advantage of conferring with 
Colonel Pollard, the Consulting Engineer, and Mr. Grant, the Chief 
Engineer, as well as being in possession of much additional information, 
the Committee took up the following points : — 

1st — The amount of water-way necessary on each of the Rivers Ravee, 
Chenab and Jhelum. 

2nd. — The design for the abutments. 

8rd— The description and extent of training works in each case. 

4th. — The design of piers for the Jhelum Bridge. 

According to the gauging of the Rivers Ravee and Chenab, which the 
Chief Engineer assured the Committee were taken from actual observations 
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of a reliable character, the flood discharges daring exceptional floods 
appears to be 188,000 and 884,000 cubic feet per second, respectively. 
Assuming that the maximum observed velocity, 6*25 and 6*50 feet per 
second, were not exceeded through the bays of the bridge, the sectional 
area necessary would be 29,280 and 60,000 square feet, respectively. Tbe 
water-way provided on the designs amounts to 82,000 and 70,000 square 
feet, so that, if the provision errs, the error is slightly on the side of 
excess. 

The discharge of the Jhelum had not been recorded with the same 
degree of reliability, and therefore the Committee cannot express the same 
decided opinion in regard to the provision which has been made for this 
river, but, as far as they could arrive at a conclusion, sufficient water-way 
seems to have been allowed. 

On the second point— the design for the abutments and wings — after 
considerable discussion the Committee considered that the principle to be 
adopted should be to construct them, so that, in the event of any breach 
occurring in the embanked approaches owing to a sudden and unfavor- 
able set of the river, or by the creation of a parallel current, there should 
be no risk of the abutment being undermined, and that the injury should 
be confined to the earthwork, which would involve only a temporary in- 
terruption of traffic, and be capable of repair as soon as the floods sub- 
sided. 

With this view, two alternative plans, have been suggested, the former 
of which commended itself to the majority of the Committee as combin- 
ing the greater elements of safety ; the latter, suggested by Mr. Moles- 
worth, possesses the advantage of economy, but opinions were divided as 
to its combining therewith the quality of safety. 

The President and Colonels Hutchinson and O'Connell and Mr. Vaux 
are in favor of the more expensive alternative, consisting, in fact, of an 
extension of the curtain-walls and flooring for a length of 75 feet behind 
the abutment, so as to protect the latter in the event of any breach oc- 
curring from any cause in the embanked approach of the bridge, and thus 
providing completely for the safety of the abutment. Plan No. 2 in the 
opinion of tho Committee, is not compatible with the shallow foundation 
system. 

The cost of proposal No. 1 is estimated at Rs. 41,396 ; that of No. 2 
at Re. 21,031. 
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Whicherer of the two plans for abutment and accessories the Govern- 
ment may see fit to adopt, will be applicable equally to the Chenab as to 
the Ravee. 

In the event of the deep well system being selected by Government, it 
would be imperatively necessary that three bridge spans at least adjacent 
to the abutment, should be protected by flooring, the cost of which was 
not included in our former Report when instituting a comparison between 
deep and shallow foundations. 

The third point, viz.,— the description and extent of training works — 
were thoroughly considered, and the following conclusions arrived at in 
connexion with each river :— 

First, as regards those for the Ravee. 

The measures which had hitherto been carried out on that river, viz., a 
series of dams across what is termed the back-channel, were considered 
wholly unsuitable. 

In the first place it is evident that this channel, which carries off the 
drainage of the city of Lahore, ought not to be closed. 

If this nullah were shut up at the head, and none of the river-water 
allowed to flow down it, it is certain that its lower end would gradually 
be closed up, and that the drainage of the city would then remain in the 
nullah, which would become at once a stagnant, and very soon afterwards, 
an offensive pool, dangerous to the health of the City and Cantonmeut 
of Mean Meer. If the nullah be left entirely open, there would be the 
risk of its one day again becoming the main channel of the river, as it 
has evidently once been. 

If protected only with a head- work, that work would always be in danger 
of being turned, as the head bund has been this year, and the river might 
open a new head which would in time enlarge dangerously ; the Committee, 
therefore, recommend that a masonry head-work, consisting of a bridge 
of two 80- feet arches protected by a good flooring and curtain- walls, be 
built at the spot indicated on the plan, and that an embankment be car- 
ried from it along the highest ground as far as the Railway embankment, 
in order to prevent the head-work being out-flanked. This bank should 
have a long slope on the river side of certainly not less than 3 to 1, (and 
better were it 5 to 1,) protected with what are locally termed " tungas" 
and brushwood spurs, so as to intercept the river silt and cause its deposi- 
tion, so as gradually to raise the level of the island above that of the floods. 
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As the depth of water on the island is not more than 3 feet, there will be 
but a very slight current parallel to the line of embankment, and it will 
be still further deadened by the spurs. 

Instead of a solid embankment being carried across the nullah in the 
line of the Railway, the Committee recommend a bridge of three 40 feel 
spans, protected by a flooring and curtain-walls, which will be sufficient 
to provide for the local drainage in addition to the quantity allowed to 
enter the head of the nullah from the river itself. 

For the right bank, the proper work would seem to be to restore the 
portion of the enclosure wall of the Shah's tomb, which has been carried 
away, founding it on deep wells, connecting the garden wall with the 
Tillage of Shadra, and running out spurs from that village 60 as to deflect 
the current from off the garden wall as much as possible. 

These works seem to the Committee sufficient to ensure the protection 
of the natural line of river-bank, but it will be necessary to watch the 
river-beds also for some years to come, and not allow the growth of islands 
to take place. In the event of there being any such tendency, channels 
should be cut through the sand-banks immediately the floods subside, and 
the cold weather stream sent through them, so as to keep them open 
against the arrival of the floods of the following season. 

With these precautions, the Committee believe the Ravee may be kept 
in proper train. 

As regards the Chenab, the training works already undertaken having 
proved successful, should be maintained as they are, with the exception 
that it will be expedient to connect the spur on the right bank with the 
high ground to prevent its being out-flanked. The design for the abut- 
ments, as before observed, may be similar to those adopted for the Ravee, 
and the bridge itself be treated in a precisely similar manner. 

As regards the River Jhelum, the Committee were unable to make any 
suggestion in their former Report for want of sufficient information. Since 
then, sections showing the soil found by boring, and plans of the river 
itself, have been received. 

From a consideration of these, the Committee are led to make the fol- 
lowing recommendations : — 

As regards the training works, they are agreed that the plan hitherto 
adopted is that which should be followed as far as their alignment is con- 
cerned, but they are of opinion that the proposal to make tbem of a more 
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permanent character, by the construction of deep wells, is unnecessarily 
expensive, and that the same object would be more cheaply and equally 
well, if not better, attained, by the substitution of crib- work filled with the 
boulders found in the river and so disposed, as in the event of any erosion 
taking place, they may fall at once into the hole thus scoured. 

They think also that it is more expedient to train the river properly 
tli an to increase the water-way of the bridge, and allow the river to wander, 
as there is no guarantee against its filling up some of the spans, and 
deepening others abnormally, whereas, if kept in proper train, no such 
action is likely to occur. Of the sufficiency of the water-way provided, 
the Committee are, as before said, unable to pronounce an opinion, as the 
requisite data for forming a judgment on this important point are not 
available. Both Colonel Pollard and Mr. Grant, however, seemed satis* 
fied that the present design sufficiently provided for the highest floods. 

With regard to the question of the best design for the piers, the Com- 
mittee were divided. Messrs. Moles worth and Vaux consider that single 
cylinder piers of from 12 feet 6 inches to 15 feet diameter would be better 
than the three cylinders advocated by the other Members of the Com- 
mittee, who would prefer oblong piers with cut- waters raised on the foun- 
dation of three cylinders of 12 feet and 9 feet diameter, respectively. 

As shingle is met with at no great depth in this river, the Committee 
do not think a protective flooring necessary, except for three spans ad- 
jacent to the abutment on the left bank which they would recommend 
being built with precautions similar to those proposed for the Ravee. 

The Committee, believing that they have now considered all the points 
referred to in the instructions received from Government, trust the re- 
commendations which have been made will prove satisfactory. 



RESOLUTION,— By the Government of India, P. W. Dept. 

20th December 1871. 

Resolution — His Excellency the Governor General in Council has care- 
fully considered the Reports on the designs of these large bridges with 
the aid of the Reports of a Committee of Engineers assembled at Simla, 
and has arrived at the following conclusions : — 

I. — There appears to be no reason to alter the design or length of the 
spans of iron-work already ordered from England. 

II. — The water-way of 97 spans provided for the Chenab appears am* 
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pie. Thai of S3 spans for the Ravee is less certainly sufficient, but there 
appears no reason at present for adding to the water-way. For the Jhelura 
both from the large drainage area of the river, and the somewhat critical 
position of the left abutment, His Excellency in Council has decided that 
50 spans should be constructed, instead of 43 as previously settled. 

III. — In regard to the piers of these bridges, in supersession of the 
orders contained in Public Works Department, No. 1476 R, dated 12th 
August 1871, at the Ravee and Chenab each pier shall consist of three 
12 1 feet wells sunk 70 feet, or as far as possible, and protected all round 
with brick-rubbish or boulders thrown in to the extent of at least 30,000 
cubic feet to each pier. 

In regard to the Jhelum, where a bed of boulders extends all along the 
breadth of the river at a depth below the dry-season level of about 22 feet 
on the left, and 15 feet on the right side, it is now decided that three 
wells should be given to each pier, one of 1 2£, and two of 10 feet diameter ; 
that they should be sunk 6 or 8 feet into the boulder bed, and that no 
further protection need be given. 

IV. — As regards abutments, His Excellency in Council decides that 
the abutment proper in each case shall be similar to the piers ; but that 
behind it there shall be a pair of retaining walls run out on 10 feet wells 
parallel to each other, in continuation of the direction of the bridge for a 
length of 75 feet. The wells for these retaining walls should be sunk 40, 
30 and 20 feet in the case of the Ravee and Chenab, those nearest the 
abutment being sunk the deepest. For the Jhelum, the retaining-walts 
need only be given on the left bank, the wells being sunk to the same 
depth as those of the piers. 

For the further protection of the abutments of the Ravee and Chenab, 
His Excellency in Council desires that a brick-flooring, 3 feet thick, be 
laid round each abutment, and one pier nearest to it, protected by a curtain 
of deep blocks all round : the line of curtain blocks being 40 feet from the 
wells of the piers and abutment on the up-stream side, and 75 feet from 
the wells on the down-etream side, and extending 40 feet beyond the pier 
on the one side, and 40 feet beyond the abutment on the other side. The 
line of curtain blocks should be 20 feet deep on the sides parallel to the 
stream and on the down-stream side, and 10 feet deep on the up-stream 
side. All round the flooring outside the curtain blocks there should be 
thrown in boulders or brick- rubbish at 200 cubic feet to the foot run of 



Digitized by VjOOQ IC 



Bill DOE FOUNDATIONS ON PUNJAB STATE RAILWAY. 347 

curtain blocks where they are 20 feet deep, and 100 cubic feet to the foot- 
ran where they are 10 feet deep. 

The general arrangement of this protection work is shown in the accom- 
panying sketch. 

PLAN 



The slopes of the Railway embankment joining the abutments should 
be pitched on both sides with brick or kunkur blocks, or boulders for 100 
yards, and a mass of such blocks should, besides, be accumulated round 
the end of the embankment where it joins the abutment, both on up and 
down-stream sides, to the extent of 50,000 cubic feet on each side. 

Similar masses of boulders should be laid at the left abutment of the 
Jhelum Bridge. 

V. — As regards training works, those in progress at the Chenab Bridge 
site are entirely approved. Those at the Jhelum are also approved, with 
the modification that no masonry works are to the constructed, but the 
parts requiring greater permanence are to be constructed of crib-work 
filled with boulders. At the Ravee it appears necessary to restore the 
portion of the enclosure wall of the tomb at Shahdera, which has fallen 
away, founding it on deep wells, protected by a talus of brick or kunkur 
blocks and crib- work. On the left bank, His Excellency in Council 
thinks it best to give up the project of closing altogether the back channel, 
and to place a bridge of 20 openings of 6 feet in the Railway embank- 
ment, provided with shutters to close it, if desired. The bridge shoul 
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hare a good flooring and curtain blocks up and down-stream. A similar 
bridge of ten openings of 6 feet should be built to form the permanent 
head-work of the channel, so as to regulate the entry of water from the 
river. The water should be prevented entering from the river otherwise 
than by this head, by the construction of an embankment along the 
highest gronnd to meet the Railway bank, having a slope of not less than 
4 to 1 to the river which should be protected by brushwood spurs and 
tungas. 
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No. XXXIV. 



IS IRRIGATION NECESSARY? 



A reply to Major Corbet? 8 Articles, entitled " Is Irrigation Necessary 
in Upper India?" published in Professional Papers on Indian Engin- 
eering, Vol. I., Second Series, Parts 1 and 2. By Capt. C. S. 
Thomason, R.E. 

Agra, 18th December, WZ. 
Is Irrigation Necessary in Upper India ? Such is the title of a pamphlet 
by Major A. F. Corbett. The question thus raised is of such vital import- 
ance, and there is so much truth in the arguments advanced, that it cannot 
be a subject of astonishment that His Excellency the Viceroy should be 
anxious to have the subject fairly discussed in order to ascertain whether 
the conclusion arrived at by Major Corbett, " that irrigation is not neces- 
sary is a correct one or otherwise. 

Briefly the pamphlet states that: — 

Under the Indian system of husbandry with shallow ploughing, a hard 
pan caused by the tread of men and cattle immediately underlies the cul- 
tivated surface soil, prevents the access of water and air to the subsoil, 
and presents an impenetrable barrier to the progress downwards of the 
roots of plants. That the effect of irrigation on such a soil is to harden, 
and as it were, glaze it, rendering repeated waterings necessary to over- 
come the evil. Again the effect of this surface hardening and glazing 
causes a radiation of heat from the earth's surface which adds materially 
to the heat of the temperature, and thus seriously affects the rain-fall which 
is the country's due. It is further argued that irrigation as at present 
practised and under such circumstances must cause malaria. 

Major Corbett's panacea for these evils consists of deep ploughing and 
manuring ; but chiefly deep ploughing, which he claims can be economical- 
ly effected by means of a slight modification of the native plough, which 
he himself has tried successfully. 

VOL. I. — SECOND SBBIES. 2 Q 
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The views of the late Colonel J. C. Anderson, R.E., Inspector General 
of Irrigation, in reply to Major Corbett's pamphlet are appended and may 
be thus summarised : — 

Referring to an experiment on deep culture, on which Major Corbett 
lays much stress as proving his argument, it is shown that much must 
undoubtedly have been due to a heavy manuring which was given to the 
land at the same time — so much in fact, as to vitiate the experiment as 
one on deep culture alone. The inability of irrigation and other water to 
percolate the pan alluded to by Major Corbett is disputed, as it is a well 
known fact that the spring level in wells rises considerably on the intro- 
duction of irrigation into a district. The advisability of deep culture for 
all but " bhoor " or sandy soils is admitted, but its value as a substitute 
for irrigation is held to be anything but proved. 

Colonel F. EL Randall, R.E., Officiating Inspector General of Irriga- 
tion, whose opinion also accompanies the pamphlet, quite agrees as to the 
enhanced pr&ductive valne of land deeply ploughed and manured, but 
thinks that if deep ploughing renders the moisture in the soil more acces- 
sible to the plant, it could at the same time hardly fail to expose the soil 
more directly to the influence of the sun's rays, and thus cause the soil 
to be more rapidly dessicated than with shallow ploughing. He recom- 
mends deep ploughing combined with irrigation, it being a well acknow- 
ledged principle of farming that the more water that can be passed through 
the soil the better, so long as it does not remain is it. 

A quotation from a report of Mr. Halsey closes the pamphlet. Mr. 
Halsey believes so firmly in the advantages of deep ploughing, that he 
recommends it as a substitute for manuring. Thus the argument seems 
to stand at present. Let us see what more has to be said on the subject. 
First, as to the pan stated by Major Corbett immediately to underlie the 
cultivated soil, and to be impermeable to water or air, but proved by 
Colonel Anderson to be permeable by irrigation water. No one conver- 
sant with agriculture will doubt the existence of this pan, at least in any 
but very light soil. Flow then does the irrigation water penetrate this 
pan? Is it not possible that this water may seek its way through fis- 
sures, which abound in such soil, and still that it may not be available for 
the nourishment of the plant owing to the pan intervening ? Colonel 
Anderson's argument hardly clears the pan of the charge preferred against 
it and as Major Corbett, Colonel Anderson, Colonel Rundall, Mr. 
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Halsey, and every other known authority advises its demolition, by all 
means let ns get rid of it wherever we can. 

But how is this pan to be demolished ? Major Corbett says the natives 
have a prejudice against deep ploughing (page 11), and he attributes this 
prejudice chiefly to laziness. The natives are not by any means the only 
objectors to deep ploughing. Many good farmers at home object to deep 
ploughing under all circumstances, and would most certainly object to it 
in a deep stiff clay without precautionary measures hardly hinted at by 
Major Corbett. An Indian field of stiff clay if only deeply ploughed 
would simply be ruined for the time being. The experiment has been 
tried in India before now, and the result has often been quoted as a con- 
clusive argument against deep cultivation. Probably the soil was heavy, 
working in which the steam plough would simply bury the seed bed, turn 
tip the worthless subsoil and give the cultivator seven or eight, instead 
of three inches of unteerated mud in the rains. No good crop could be 
expected under such circumstances. If the sub- soil were porous, the 
result would be be an improved crop, but still nothing like so good as 
it might be. In the former case, Major Corbett is quite right in saying 
that irrigation is not required ; for it would only make matters worse. In 
the case of a porous subsoil, irrigation would certainly confer a great 
benefit ; for the water would not stagnate about the roots, and air would 
follow the water in its course downwards. In both cases, however, would 
the malaria be increased, for in neither is provision made for the circula- 
tion of air in the soil, and the moisture gradually evaporated in a stagnant 
sub-soil atmosphere, would be in excess of what it was before. Major 
Corbett has quite overlooked the most necessary preliminary to deep cul- 
tivation, and that is subsoil drainage. 

No English farmer now would ever dream of deeply cultivating anf 
land without previously subsoil draining it. Though new to, and discre- 
dited by us in India, it is everywhere else, — that is wherever farming is 
scientifically carried on— considered the unfailing preliminary to all im- 
provement. The processes in their order are, — (1) surface draining, (2) 
subsoil draining, (3) sub-soil ploughing or cultivating without turning over, 
and (4), if necessary after some years when the nature of the sub-soil has 
been completely changed by improved husbandry, deep ploughing or turn- 
ing down the original seed bed. 

Deep cultivating and not ploughing is evidently what Major Corbett ad* 
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vocates, judging from bis improved plough ; but. tbe two terms are by no 
means synonomons, as will be seen from the foregoing. Deep ploughing 
is comparatively little resorted to now, tbe steam digger (a powerful kind 
of cultivator) generally taking its place in England. 

Without in any way disparaging Major Corbett's ingenious modifica- 
tion of the common native plough, such an implement can hardly be 
considered adequate to our requirement if deep cultivation is to be the 
rule. For the purposes of preliminary experiment let it be tested by all 
means ; but if tbe experiment prove successful, considering the immense 
area to be operated upon, why stop short of steam, the economy of which on 
such a large scale admits of no dispute ; steam becomes doubly necessary 
where subsoil drainage is superadded to deep cultivation, the extra cost 
of the former in such cases being but trifling. 

To prove the truth of what was here asserted as to sub-soil drainage, let 
the reader take a rose or any other plant, pot it with the most favorable 
mould, water it, and foster it in every conceivable way. His care will 
avail little if their be no hole in the bottom of the flower pot. The more 
he waters it and manures it, the quicker will the plant die. There is no 
sub-soil drainage, and the roots rot in a stagnant sub-soil atmosphere. A 
hole in the bottom of the flowerpot gives snb-soil drainage, gives air and 
changes all ; the plant, if not quite killed by previous mismanagement, 
speedily reviving and thriving beyond expectation. 

Had Major Corbett advocated deep cultivation preceded by sub-soil 
drainage there is little in his pamphlet that could be disputed except the 
statement that such treatment of the soil entirely dispenses with necessi- 
ty for irrigation. All known experience goes to prove, (I), that sub-soil 
drainage combined with deep cultivation enables the land to withstand 
without injury droughts, excessive waterings, <fcc, that prove the ruin of 
fields not enjoying these advantages, and (2), that with such prelimi- 
nary treatment the land will better absorb and retain for purposes of 
growth all fertilisers that may subsequently be bestowed upon it, whether 
rain, irrigation water (surface or sub-soil,) or manures. 

The irrigation duty of water is certainly doubled by sub-soil drainage, 
if English experience goes for anything ; and such being the case, the 
expediency of extendipg existing canals, and of having recourse to fresh 
supplies of water until experiments with the sub-Foil bavo been fairly tried 
in India may fairly be called in question. 
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The above assertion that " sub-soil drainage, combined with deep cul- 
tivation, enables land to withstand drought " will appear so incredible to 
those who have not studied the subject, or had occular demonstration of 
its truth that some explanation of such an apparent paradox appears 
necessary. 

Let us imagine a field in India under irrigation. The water covers the 
field to a depth of two or three inches, and so it is left an unmistakeable 
field of mud some six or seven inches deep. Below the " pan " the water 
will not sink except partially, and so it is almost entirely evaporated by 
the sun ; and unless the watering be speedily renewed, the soil down to 
the pan being but shallow, and readily acted on by the sun's rays, soon 
becomes as hard and dry as the pan itself, cracking in all directions. 

Again, let us suppose this same field 'supplied with sub-soil drains, say 
three feet deep, and the cultivation extending deep enough to break up the 
pan. The water now will no longer lie on the surface ; it passes through 
the surface soil, through what was pan, and moistens the whole soil, down 
to the level of the sub-soil drains, and even lower. In its passage down- 
wards the water carries air ; and, most important of all, the minute pores 
created by the passage of the water permit the continued gentle circulation 
of air in the sub-soil after the running water has passed through the drains. 
We thus obtain three feet of soil wholesomely moist and aeerated, and 
knowing this, we need no longor wonder that the sun's rays take so long 
to exhaust the moisture of this soil when elsewhere all is parched. The 
water that has moistened the three feet of soil in the second case, is what 
in the first case would have wetted six or seven inches deep, and been 
speedily evaporated. Hence the increased irrigating duty of water on sub- 
soil drained land. 

Reverting to Colonel RundalTs apt quotation of the acknowledged prin- 
ciple in farming, that " the more water that can be passed through the soil, 
so long as it is not allowed to remain in it" — if a pan underlies soil, how 
can the water bo efficiently passed through the soil without sub-soil drains ? 

Without going so far as Major Gorbett apparently wishes us to, in as- 
serting that our hot winds and extreme heat are entirely due to shallow 
cultivation and irrigation, it may safely be conceded that deep cultivation 
will avert a considerable amount of heat radiated from the earth. Sub- 
soil drainage carries the moisture, and virtually the cultivation deeper 
than the reach of the plough, and therefore enables the earth to absorb 
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still more and radiate still less of the heat. This effect is a well esta- 
blished fact. Sub-soil drains in England protect the crops from frost; 
why should they not protect the cotton against this enemy in the N. W. 
Provinces. 

It will be seen from the foregoing that the fundamental laws of 
nature as evinced in the beneficial effects of sub-soil drainage should be aa 
applicable to India as to England. Why then is sub-soil drainage ignor- 
ed here, seeing that it promises to be almost as important an agent in 
averting famine as irrigation is ? 

Though no valid reason can possibly be assigned against a trial of sub- 
soil drainage on differing soils and crops, on a small scale and at a trifl- 
ing cost, its impracticability is strongly urged on three grounds, viz. — (1), 
Frequently a want of a fall in the land ; (2), A general drought is antici- 
pated from its introduction ; and (3), Its cost. 

First, as to want of fall. — Sub-soil drainage is universal in England — 
even in the flat marsh and fen lands of Lincolnshire. Where irrigation 
water will run, sub-soil drainage water 6urely will. Therefore, if there is- 
not sufficient fall for sub-soil drains, the surface drainage is clearly defici- 
ent, and the sooner that is rectified the better. No one disputes the 
necessity for efficient surface drainage.* 

Secondly, as to the anticipated drought. — This objection has already been 
answered ; bnt be it borne in mind that the arguments are only generally 
applicable where sub-soil drainage and deep cultivation are combined. 

Apropos to this part of the question and Major Corbett's assertion that, 
"the opinion is gaining ground that sub-soil drainage has been overdone in 
England," is a very interesting correspondence in the Times during the 
drought of June and July 1870, particularly a letter on the " Lessons of 
the Drought, " by Mr. Scott, in the Times of July 6th. If that correspon- 
dence proves anything, it proves that the chief sufferers were not those 
who had sub-soil-drained, but their neighbours who had not sub-soil-drain- 
ed. All however cried out for storage of water and irrigation in England. 
How then can we dispense with irrigation in Upper India ? 

Thirdly, as to cost. — Without lengthening this paper unnecessarily 

• If steam ploughing be conceded, ft very great deal of even tbls surface drainage might be very 
economically effected by working a " Fowler's Ditcher " by means of the steam plough tackle. At 
the Royal Agricultural Society's staim plough trials, near Stafford, May 8th, 1871, one of these 
ditchers in a stiff soil efficiently cut ditches about two feet deep, three feet wide at top, and eight 
Inches wide at bottom. Unfortunately I had not an opportunity at the time of making notes to 
arrive at cost; though an immense saving over manual labor was self-evident. 
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with the details on which the estimates are founded, bat which are given 
in Appendix, the following may be safely accepted as the average costs of 
sub-soil draining and deep cultivation. Supposing some soils to require 
pipes and some simply the steam draining plough, the average depth of 
drains to be 3 feet, and the distances between drains 18 feet, the cost 
with manual labor per acre with pipes will be Rs. 20 per acre ; steam cul- 
tivation 8 or 9 inches deep, Rs. 5 per acre ; similar steam cultivation with 
sub-soil drainage also effected by steam costing, where no pipes are requir- 
ed, Rs. 6 per acre, and where pipes are necessary, Rs. 17 per acre. 

Supposing the average gross value of land for cereals to be taken as 
low as Rs. 15, for the higher classed crops (such as sugar-cane) at Rs. 
30 per acre, and the yield to be doubled by the improved husbandry here 
proposed, — a very moderate estimate, — it surely is not difficult to imagine 
from whence the funds are to be derived, whereby to sub-soil-drain the 
culturable, or at least irrigable land of India. Let the experiment — a 
simple enough one in all conscience, be but once tried, and there need be 
no fear of its extending in India as in England, if what is here asserted 
is any approximation to the truth. 

For sub-soil-draining and deep cultivating with steam, an expenditure 
of Rs. 6 per acre is here advocated. The expenditure thus incurred, (as 
in England with sub-soil-drainage,) might be recovered, capital and good 
interest, by small annual payments by the cultivator, not only without in- 
convenience, but with immense advantage to him, and ample remunera- 
tion to those advancing the money for the outlay. But what is the case 
with our existing irrigation works which we rightly so value as to grudge 
little for their extension ? 

According to the Irrigation Reports for 1868-69, the Ganges Canal 
up to date may be said to have cost Qovernment roughly 3f millions of 
pounds, and only then to bave been yielding 4*3 per cent, direct profit on 
outlay. The expenditure that year did not amount to Rs. 4 per acre 
irrigated ; but the year was an exceptionally favorable one for the canal. 
Probably Rs. 5 per acre irrigated may represent the present expenditure, 
and not very long before the date above quoted, at least more than 
twenty years after the commencement of the construction, the expenditure 
must have been very considerably in excess of what is here advocated for 
sub-soil-drainage and deep cultivation, the profitable returns from which 
are immediate. 
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Rightly or wrongly, our canals get credit for originating an untold 
amount of malaria and disease, and if the facts as to the cost, &c, of sub- 
soil-drainage and deep cultivation, the well-known antidotes to this malaria, 
are found everywhere else to be as here stated, is it not incumbent on 
us to try the experiment in India; and, should the experiment prove 
successful, not only enjoin the extension of such improved husbandry, 
but even hereafter in time make it obligatory wherever canal irrigation 
is carried on ? 

To satisfy the sceptical as to the results of deep cultivation and sub-soil 
drainage, the first experiments might easily be effected with deep cultiva- 
tion, with sub-soil drainage, and with both combined, by mauual labor on 
three or four acres of different class soils in juxta- position to a similar acre- 
age cultivated in the ordinary way with and without irrigation ; and so 
much the better if a tract of reh soil be selected for the experiment. The 
main questions to be settled in the first place are— (1), The irrigating duty 
of water ; (2), The benefits derivable without manure ; (3), The benefits 
derivable with manure ; (4), The effect on the reh ; (5), The necessity or 
otherwise for Irrigation in Upper India. 

If the question of cost be the stumbling block, Government is already 
in possession of by far the most expensive portion of the apparatus for a 
trial with steam. 

There are lying idle at Bareilly, a 10-H. P. traction engine by Clayton 
and Suttleworth, and a B 1 centrifugal pump by Gwynne. All that is 
now required is Fisken's apparatus and tackle, with Fowler's cultivator, 
digger and ditcher, the whole probably costing Rs. 3000. 

At the Stafford trials in May 1871, a sister engine to the Bareilly one . 
proved itself capable of accomplishing as hard work in ploughing with 
Fisken's apparatus as even Fowler's far more powerful engines — two of 
20- H. P. — working Fowler's system, though of course the speed was much 
less in the former case. The Judges' award went to Messrs. Fowler ; but 
it is quite possible that the decision might have been different, had the 
trials taken place in Iudia, where the wearing parts of Fisken's tackle 
(chiefly Manilla rope) could be so easily replaced, not to mention the 
great advantage as to first cost, weight, and portability which Fisken's 
system possesses. 

The Gwynne's pump at Bareilly might prove valuable, if not necessary, 
to settle the question of the " irrigating duty " of water applied to soil cul. 
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tivated on the existing system as compared with the improved system 
proposed. 

Such questions as those relating to climate, health, &c, protracted ex- 
perience of operations on a large scale can alone solve. 

Assuming such to he the case, advances by Government to cultivators 
and assistance in sub-soil draining their land are certainly as legitimate 
applications of public money as the extension of canals, which most pro- 
bably have not yet done half their duty, and must do it all before they 
cease to poison the air with malaria. 

In the interests of irrigation can there be a more important question to 
settle than the treatment of the " Reh" lands, extending year by year 
throughout our irrigated districts* aud rendering our irrigation worse 
than useless? Sab-soil drainage combined with deep cultivation is the 
rational remedy for the evil complained of — more than that— it is the only 
known practical remedy. It has been tried and proved successful by a 
private individual on a small scale at Lahore at least ; and it is almost 
inconceivable that a persistent reiteration of theories opposed to reason 
and fact should have sufficed hitherto to forbid a very inexpensive public 
experiment to solve this question of such national importance. 

Finally, the conclusion we arrive at is: — That Major Corbett is right in 
demanding deep cultivation ; but that, according to all known precedent, 
such cultivation should be preceded by sub-soil drainage : and that though 
sub-soil drainage and deep cultivation cannot be regarded as substitutes for 
irrigation, precedent tends to prove that the two combined are efficient 
economisers of canal water, and, experimentally at least, as worthy of the 
attention of Government as the extension of canals that have not yet done 
half their duty. 

Cost of steam Ploughing. 

(1.) Smith of Woolston's round about system as actually observed at 
Elkington, Lincolnshire, April 30th, 1870, on soil which in India would 
be classed as " doomunt," second ploughing from 7 inches deep to 10 inches 
deep. Engine a 1 2-H. P. agricultural single cylinder with double expansion 
valve, by Tnxford, working at 60 lbs. pressure, cost £280. Cultivating 
tackle cost £170. Steel wire rope 1,400 yards cost £50. Total £500. 

• Vide Mr. Sharer's report on the Western Jumna Canal districts, submitted to Government in 
1856-57, and many other reports. From personal observation, Z can testify to the rapid extension of 
* rtk " land in the BareUly district from 18W to U68. 
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Engine, ... 

Tackle, 
Wire rope, 



In England 
Actual 


In India 
EttimaUd. 


£ «. d. 


R& A. P. 


280 


8,700 


170 


2,300 


60 


680 



Totals, ... 600 6,680 

or say, 6,700 



Cost of working per day of 10 hours. 



In England 
Actual. 
£ s. d. 
3 
2 
6 



6 
9 




In India 
Estimated. 
RS. A. P. 
8 

6 

8 

6 

6 

4 



1 6 



1 Engine drirer, 

1 Man at drams, ... ... ••• 

2 Men at anchors, .•• ••• ••• ••• ••• 

1 Man at plough, •• 2 6 

2 Boys or porters, ••• ... 1 8 

1 Man for water and general work, 2 6 

Fuel I ^ cwfc * COft ^ 2 4 

1 20 maunds wood, 

Oil and waste, ... •• 10 

Depreciation, wear and tear, interest on capital &c, 
of Engine, ••> ••• ••• ••• ••• ••• 2 

Depreciation, wear and tear, interest on tackle, 
rope, &c, 6 3 

English supervision and other contingencies possi- 
bly peculiar to India, ••• 

Totals, ... 1 8 6 
or say, 1 10 

The work done at Elkington on April 80th was ten acres in a day « 
10 hours, which gives a rate of 8*. per acre. The first time of plough 
down to 7 inches deep, the work done per day was said to be 5 acres, 
which gives a rate of 6s. per acre; so that the two ploughings together 
cost 9s. per acre, or say 10s. or Rs. 5 per acre, allowing for possible 
omissions. The actual cost in England and the estimated cost in India, 
may be taken as the same. 

Notes on the steam ploughing at the Royal Agricultural Society 8 
Exhibition at Wolverhampton, where the soil was stiff, give rates higher 
than this ; but such stiff soils are quite exceptional. 

A report in the Scotsman of 2nd March, 1871, on direct action plough 
with Thomson's Toad steamer at Dunmore Park, assigns 2s. M. P?*re 
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3W 



for ploughing autumn stubbles, and 8*. lOd. per acre for spring ploughing; 
but the statement gave rise to much controversy in the papers, and this 
question pf direct action ploughing must still be considered as an open one. 
Fowler's system and Fisken's system both claim to be better than 
Smith's ; but that is not a question to be entered into here. The only 
object is to show what the cost of steam ploughing need not exceed by 
well-known, well-tried and efficient methods. 



9 
10 

10 



Estimate of subsoil draining per acre in India. 
Drains to Decomposed of 2-inch drainage pipes, 15 inches long, laid 18 
feet apart and 3 feet deep. Sectional area of cutting 2£ superficial feet. 
Excavation and refilling 
2420 X 24 = 6,050, or say 6,000 c. f., @ Rs. 1-8, 
1936 2-inch pipes and collars, or say 2,000 pipes, @ Rs. 5, . 
Contingences, 

Total, 20 
Where a steam plough is available, in most instances the sub-soil drain- 
ing might be done by means of a special plough worked at 18 feet inter- 
vals, sub-soil draining and deep cultivation being in such a case effected 
at very nearly the same cost as deep cultivation alone. No pipes will be 
required for this system of sub-soil draining. 

In some cases pipes will be found indispensable for sub-soil draining, 
and may be laid by means of steam and Fowler and Fry!s pipe draining 
plough. One rupee per acre would probably suffice to cover the cost of 
excavating the small pits excavated at short intervals for the introduction 
of the pipes, and in this case the cost might be estimated thus per acre: — 

Hand excavation ... Rs. 10 

Machine work of sub-soil draining and deep cultivation, 6 

Cost of pipes, , ... ... „ 10 



Total, 

Abstract of Estimates. 

Deep cultivation and sub-soil draining by steam without 

pipes, per acre, ... Rs. 

Ditto ditto, with pipes, „ 

Deep cultivation alone by steam, „ 

Sub-soil draining with pipes by hand, ... „ 


17 

6 
17 

5 
20 



















C. S. T. 



Digitized by 



Goog(e 



$60 IRRIGATION SXPBRIMBXTS. 



No. XXXV. 
IRBIGATION EXPERIMENTS. 

[Vide Plates Noa. XXVIII., XXIX., and XXX.] 



Report of certain experiments made on the discharge and irrigating power of 
various forms of pipes or outlets on the Baree Doab Canal. By E. C. 
Palmer, Esq., C.E., Exec. Engineer. 



In compliance with instructions conveyed in Superintending Engineer's 
No. 2809, dated 12th December, 1867, the following experiments were 
made : — 

Istly. — On the discharge of mnddy canal water through orifices, or ra- 
ther, short tubes, haying a length of 15 feet, the average length of the 
heads of the private water-courses on the Baree Doab Canal, &c. 

Zndly. — On the time required to thoroughly saturate an acre of ground 
with the same orifices working under the same heads of pressure. The 
latter experiments were repeated on different descriptions of land. 

Srdly. — For the sake of comparison with the above, the discharge and 
irrigating powers of jhullars (machines for raising water with small lifts) 
and wells. 

These experiments were made by myself and my brother Captain Palmer, 
Executive Engineer, 2nd Division, Baree Doab Canal, so far back as 
November 1867, but we have not had leisure from our current duties to 
prepare the report sooner. 

Before alluding, to the experiments, it is necessary to describe as ac- 
curately as possible, the conditions under which they were made, and the 
apparatus employed. Near the village of Chevinda, in the Umritsur 
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district, and within a quarter of a mile of the Aliwal rajbuha, lies a 
masonry tank, having a sluice by which the water may be run off into a 
neighbouring pond ; from the sill of this sluice to that of another, by 
which water is admitted from the rajbuha, is a height of 6*6 feet. A 
sketch of the relative position of the tank, rajbuha and supply channel is 
given in Plate 28. The arrangement of the pipes whose discharges were 
observed, is shown in Plate 29. 

The method adopted for observing the discharges was as follows : — 

Water was admitted into the pressure tank by the channel, a, e f Piatt 
29, until the water was brought to a level in both reservoirs as shown 
in the section, the surplus flowing off at c and d. The supply was then 
cut off at a, and when the water was at rest (having, of course, one con- 
necting pipe, J, open), the floating gauges figured in Plate 29, were 
placed exactly vertical, one in the pressure tank, the other in the reservoir 
R. The wires of both were then adjusted to read alike. 

All the orifices, ///, were then securely closed at 8 8 «, with the excep- 
tion of that, to be observed. 

Water was then again admitted into the pressure tank in excess of the 
probable discharge to be observed, and the long sleepers forming the mov- 
able waste-weir at c raised or lowered until the reading of the gauge in the 
pressure tank was higher than that in the outer reservoir by the amount 
of head required. 

The head thus measured was the height of the surface of the water in 
the pressure tank above that in the reservoir R. 

As soon as equilibrium was established, the reading of a third gauge in 
the large tank was noted, the time taken, and the gauges in the pressure 
tank and reservoir, which could be both seen by the observer at once, care- 
fully watched to see that the head did not vary during the experiment. 

If the head showed a tendency to increase, a small obstruction placed in 
the channel at a was sufficient to correct it ; if to decrease, a brick or two 
on the sleeper c, over which the thin film of over-plus water was flowing, 
at once brought the weir up to the reading required. 

After an interval of about two hours, the reading of the gauge in the 
large tank was again noted, time taken, and the experiment repeated. 

As the tank was a large one for the purpose, a more sensitive gauge 
than that figured in Plate 30, was also employed as a check. 

On one side of the tank, on a step 140 feet long, an incline was made, 
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having a height of 1*4 feet; the inclined face was graduated each 10 feet, 
thns representing a vertical rise of 0*1, and the foot and tenths 0*01 and 
O'OOl foot. The steady flow of water up this incline daring an experi- 
ment was very satisfactory. 

When that portion or stratum of the tank, into which the water was dis- 
charged by the pipes, became filled, the sluice at D, Plate 28, was opened, 
and the water run off to the pond outside. 

The orifices experimented on consisted of cylindrical tiles of well-burned 
clay unglazed, each 1*4 feet long, joined with a butt joint, having a collar 
cemented over the joint 8 inches wide. 

Besides these a rectangular wooden- pipe, 1*8 feet X 0*7 foot inside 
measurement, having a frame or diaphragm 1 inch thick, inserted in it 
0*9 foot x 0*4 foot inside measurement, representing the ordinary tem- 
porary " mogah, " or private water-course head now in use on the Baree 
Doab Canal. 

It will be observed that these experiments were made with both ends of 
the pipes submerged, such being the usual condition of water-course heads 
on this canal. 

The water was the usually heavily silted water supplied by the Baree 
Doab Canal ; the actual percentage of solid matter was not observed ; 
it varied from day to day. 

When the actual discharges of each pipe under various heads had been 
; observed, the experiments on irrigation were commenced. 

The same description of pipes made by the same machine were inserted 
in the rajbuha bank, the head of pressure being observed in the same way 
as for the discharges above described. 

The time required to gave a thorough watering to a field was thus 
determined:— 

No one watering to any standing crop (save rice) requires so much 
water as the first given on the fallow land to saturate it for ploughing. 

Fallow lands, therefore, of various qualities were selected to experiment 
on, and a Committee of villagers was always present to decide when the 
fields were properly irrigated. 

Time was taken when the water reached the field, and when the Natives 
judged the irrigation completed. 

No water was allowed to enter the field until the head on the pipe had 
become perfectly stable. When this had been effected, a handful of chop- 
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ped straw thrown in the water-course indicated when the water issued with 
the required head had reached the field ; the escape in which the water had 
been running to waste was then closed, and the water turned into the 
field. 

The same method was adopted for the observations of irrigation from 
wells and jhullars. 

The actual discharge of these raising machines was somewhat difficult 
to determine with any accuracy without going to a greater expense than 
seemed necessary • Where a well had a cistern (for cattle watering) at- 
tached to it, it was used as a measure, and the discharge observed with 
facility and accuracy. But when this was not obtainable, the discharge 
was computed by weighing the water brought up by a certain number of 
the well-buckets (tinds) taking the average, counting the total number of 
sound buckets on the rope, and noting the number of minutes expended 
in a revolution, repeating the last several times, and taking a mean. 

Checked by a cistern in one instance, the result showed very fair accuracy, 

I trust the above detailed description of the way in which these experi- 
ments were conducted will not be thought superfluous. It is true that such 
details are frequently omitted in the record of similar experiments ; but it 
appears to me that the bare results of experiments are well nigh useless 
to the practical Engineer when the conditions under which they were made 
are not very exactly described. 

A table of the discharges observed is given in Appendix A., and in 
Appendix B. is shown the result of the irrigation experiments. 

The experiments on what was intended to be a 3- inch pipe, were 
made with the view of demonstrating whether anything smaller than a 
0*4 feet pipe could, with an average head, discharge as much as a jhullar 
or well. Had it done so, it might have been expedient to use them as a 
standard for issue to gardens. Comparing the discharge of No. VIII. 
Appendix A., with that of No. XXXIX. and XL., Appendix B., it will be 
seen that, with a head of 0*4 feet (the greatest head that can be depend- 
ed on in a rajbuha on this canal), the discharge of the 3-inch pipe is about 
half that of an ordinary jhullar. 

For agriculture, it is therefore (in my opinion) too small, and the 
economy obtained by using it for gardens would be more than counter- 
balanced by having two standard sizes of issuing pipes. 

The experiments with the <M feet pipe show that, with a head of 0*4, 
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the discharge with the 0*4 feet pipe is about 48 per cent more than that 
of the best jhullar observed, No. XXIV., Appendix B. 

The 0*48 feet pipes were intended to be 0*5 feet diameter ; bat the 
shrinkage of the clay during firing being greater than was anticipated, 
their actual measurement was found to be 0*48 foot. 

They discharged as nearly as possible half a cubic foot per second with 
a head of 0*4 foot, —vide Nos. II. and XXX VI., Appendix A., — and this, 
which is more than double that of a good jhullar, is, I think, too large for 
ordinary service for small farms, to the requirement of which, the stand- 
dard size pipe or outlet should be adapted, inasmuch as two, three, or 
four of a smaller sized pipe could be granted where the demand appeared 
to require a larger discharge. 

As the group of fields belonging to one man or one family in the dis- 
tricts affected by this canal are generally considerably less than 50 acres, 
to fix on a sized outlet larger than is necessary for the irrigation of these 
would inevitably lead to great waste of water. 

To judge of the proportional discharge of additional pipes that might 
be granted in one head for a large farm, two 0*5 feet pipes were laid close 
together, side by side, and simultaneously opened. Their united dis- 
charge, as shown in Appendix A., was :— 



Head. 


0*5 feet, double. 


0*5 feet, single. 


Proportion of doable to 
single. 


•2 
•4 
•6 


•81 
112 
1*43 


031 
0*50 
0*59 

Average, 


261 
2-22 
2 42 


3J725 
2*42 



Average, 2*42, say nearly 2 J times that of a single pipe. 

In granting additional pipes to a head, this should be borne in mind. 

The result appears at first sight anomalous, but I think may be account- 
ed for by the larger aggregate opening causing a higher velocity of 
approach. D'Aubuisson's experiments show a small increase. 

The object of the experiments on the " Mogah " was to determine the 
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actual discharge of an outlet of whose irrigating powers we have abundant 
statistics on the Baree Doab Caual. 
Appendix B. f is intended to exhibit clearly — 

\$tly. — The duty that may be expected from each description of outlet. 
Indly. — The actual volume of water required to thoroughly saturate 
an acre of various descriptions of soil. 
Srdly. — The time each outlet would expend in watering an acre. 
In considering the power or duty of an irrigation head, it is obviously 
necessary to determine beforehand the duration of its flow. 

After an experience of some seven years on a great variety of soils, 
and during some remarkably dry seasons, I may be allowed to express my 
opinion that, on this canal, uo Officer is making the utmost of the water 
whose outlets are allowed to flow more frequently than one day in four ; 
and, as it is necessary to assume some duration, I shall, in the following 
remarks, base the calculation on the supposition that a private water- 
course flows eight days (of 24 hours) in the month. 

The *rea cultivated round a good jhullar may be safely taken as an 
average sample of the size of a farm owned by one man or one family. 
It is a more constant quantity than the arable round a well, as the cir- 
cumstances of the latter must always present infinite variety. 

The mean area of 50 jhullar farms actually measured was 52 acres, say, 
22 acres of khureef, and 30 acres of rubbee harvest. 

The averages in Appendix B. show that an average depth of 0*24 on 
the whole surface represents a thorough watering on average soil (in 
gaudy land it is as much as 0*31), and 43,560 x 0*24 = 10,454 cubic 
feet as the volume required for 1 acre. Actually the average is (exclud- 
ing the sand) 0*21 and 9,148 cubic feet, but it will be safer to use the 
larger number. 

Taking a single holding or farm to be 52 acres, we see that with a 
0*4 -feet pipe working under a head of 04 discharging (vide Appendix A.) 
-3323 cubic feet per second, with such an outlet a man would require 8 
days to prepare his 22 acres of khureef for ploughing, and nearly 11 
days for the 30 acres of rubbee ploughing. The best season for this 
operation lasts about six weeks or 1^ months ; he would have at least 8 + 
4 days (vide above) of constant flow from the canal, and would, there- 
fore, be uble to effect liis irrigation from a single pipe easily for the khk- 
reef, and with economy for the rubbee. 
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From this I infer that such a pipe is well suited for our requirements, 
as a minimum standard outlet. 

It may be objected that during seasons of drought so small an orifice, 
irrigating only 27 acres per day of 24 hours, would be incapable of se- 
curing 20 to 30 acres of standing crops, but it must be remembered that 
(excluding rice) no standing crop requires more than half of the quantity 
of water per acre that is necessary to saturate the ground for ploughing ; 
the standing crops would, therefore, be watered at the rate of 5-4 acres 
per day. 

The owner of such an outlet would be able to secure as much crop with 
his water flowing once in four days as his neighbour with a 22 feet well, 
working his cattle night and day, the proportional discharge being as 33 
to 10 (vide experiments, Nos. V. and XX.) 

The experiments, both on discharge and irrigation were too few to 
render this report as complete as I should wish. I can only say we found 
the greatest difficulty in finding spare time from our current work to 
conduct them, and that we were anxious to make snre of a few very care- 
fully observed experiments rather than a larger number conducted more 
hastily. 

And to obtain accurate results an expenditure of time apparently dis- 
proportionate to the amount of work actually recorded seems essential if 
the observer insists on seeing and doing everything himself. After a . 
long day's work in the field, watching an irrigation experiment, it often 
occurs that some blunder or accident renders the whole day's work not, 
perhaps, wrong, but doubtful, and therefore, worthless. 

At Appendix G. there are given a few deductions based on these ex- 
periments, which may be found interesting, but would needlessly lengthen 
this report. 



Digitized by VjOOQ IC 



PLATE XXX. 



ELEVATION OF GAUGE AND GUIDES AND SECTION 
THROUGH FLOATING IRON DISH. 



J 



Irow 



L 



\Li 



y Wire euffu s teei to level ofey* 
/ efthe observer. 



N.B. Tht m float HJiU 
square,. ioae suffUuntty 
Uuye to prtwetU any 
agitation, of tht win, 
ty&unppbffthi waUr . 
Ththeight of Che wire, 
uttis adjusted to be. near- 
ly level with the eye* °f 
tht observer. 



Scale £ 



Float 



Floor of Tank. 



Digitized by LjOOQ LC 



Di^tize 



IRRIGATION BXPBRIMERT8. 



367 



APPENDIX A. 

Mean results of experiments of the discharge of various forms of irrigation 
outlets. 



N. A— The cylindrical forms are earthen-pipes described in the report The rec- 
tangular orifices are the inside dimensions of a frame of wood 0*1 thick, fixed in a 
trough or box forming a diaphragm. 



Serial numbers of 

experiments in 

Field-book. 


Diameter 
of orifice. 


Head of 
pressure* 


Theoretical 
discharge 


Actual dii- 
charge ob- 
served ; 
mean of ex- 
periments. 


Remarks. 


vn, 

vra., .- 


0*286 
0*286 
0-285 


0-2 
0« 


eft per 
second. 

02289 

08288 

0-8966 


eft per 
second. 

0-0670 

00782 

01088 


This size of pipe was 
not nsed in irrigation ex- 
periments ; its discharge 
obviously too small. 


VI., XXXVIII., 
V., LU., LIU., ... 

iv., xxxra.,... 


0-4 
04 
0-4 


02 
0-4 
06 


0-4610 
0-6877 
0-7811 


0-2818 
0-3828 
0-4187 




it 

II., XXXVI., ... 
XXIII, 


0-48 
0-48 
0-48 


02 
0-4 
0-6 


0-6494 
09184 
1-8141 


0-3180 
0-5008 
0*5981 




XIV., 

XIII., xxxu.,... 
xv., 


•6 +5 
•6 + -5 
•6 +5 


0-2 
0-4 
0-6 


1-4098 

2006 

2-441 


0-8131 
11268 
1-485 


Two -5 pipes set close 
together. 


xxvn., x., ... 

XI, XXXV., ... 
XXXI., 


•a 
•o 

-4a 

•o 

*C3 


02 
04 
05 


1-806 
1847 
2065 


0-801 
1-114 
1 130 


The size of the dia- 
phragm nsed for irriga- 
tion, vide XXV. and 
XXVI., was -99 x *42, 
discharge of which is 
computed from this. 
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APPENDIX C. 

The accompanying report gives data of the observed quantity of water 
required for irrigation. 

It will be interesting to calculate the value of the water thus used based 
on those data and in the figures given in the Revenue Report of the 
Irrigation Department, Punjab, for 1867-68. 

In the Revenue Report quoted, the Capital Account of the Baree Doab 
Canal is given up to 1st April, 1868, as Rs, 1,16,25,792, and the current 
expenditure during the year as — 

RS. 

Direction, .. .. .. .. 80,826 

Establishment, .. .. .. .. 1,56,492 

Repairs, .. .. .. .. 2,17,783 4,05,101 

The interest on the Capital for one year amounts, at 7 per cent., to Rs. 
8,18,805 ; consequently the sum of these two last, amounting to Rs. 
12,18,906, represents the cost of the water issued by the State during the 
year. 

This sum has to be divided in equal parts on the two harvests, khureef 

and rubbee, or 121 ^ 906 = 6,09,458 for each ; for therubbee there are 182 
days, in the khureef, 183. For the rubbee the average constant discharge 
was 959-9 cubic feet per second of water utilized, and 959 ' 9 VT™ ^t * *** 

* Ks. 6,09,453 

= 24,767 cubic feet per Re. 1 ; and for the khureef the quantity utilized 

i*oo * u- e i a a 17821 * 8600 X 24 X 183 AO OOJ 
was 17821 cubic feet per second, and 609453 — = 46,234 

cubic feet per Re. 1 . 

For comparison of this the actual cost to the State, with the new revised 
rates now demanded, it will be sufficient to consider the two principal crops 
of each harvest, viz., wheat and rice. 

Wheat, in a dry season, requires five waterings. From the averages of 

the observations 10,454 cubic feet may be taken as the average quantity 

expended in watering thoroughly an acre of ground for ploughing, and for 

a standing crop 8,000 cubic feet would be ample ; therefore the acre of 

wheat would require— 

Cubic feet 
For ploughing, . . . . . • . . 10,500 

Four waterings, at Rs. 8,000 cubic feet, . . 32,000 42,500 

and 42,500 cubic feet at 24,707 cubic feot per rupee, would have cost the 
JState Rs. 1-12-5 per acre; the rate now charged is — 
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Water-rate, .. .. .. .. .. 2 8 

Water advantage rate, . . • • . . 1 2 8 10 

Rice requires ten waterings, but a watering for rice, whether for plough- 
ing or for a standing crop, has a very different nieauing to that applied to 
any other crop. We have 6een that to saturate the ground thoroughly for 
ploughing requires on average soil a depth of 0*24 feet to be thrown on the 
ground, t. «., a quantity representing that depth were the soil impermeable, 
and with this quantity the surface of the ground is free of water in an hour 
or two ; but, for rice, the irrigation is continued until some 6 inches of 
water remain on the surface of the heavy clay in which this grain flour- 
ishes. Nine inches depth on an acre represents 32,670 cubic feet, and 
ten such waterings would expend 8,26,700 cubic feet, and this divided by 

Q9{S700 

the khureef rate -j^l = Rs * 7 ~* ' tlie rato now levied on this cro P " 

BS. A. 
Water-tax, .. .. .. .. 4 12 

Water advantage rate, . . . . . . 1 2 5 14 

Taking the figures for the whole canal, again quoting the same report, 

it appears that 1,46,000 acres were irrigated during the rubbee by flow 

(10,000 acres by raised irrigation may be omitted). With the volume 

above noted, divided by the acreage in feet, we obtain a depth over the 

, , 959*9 X 3600 X 24 x 182 Q - , - ,, , , - 

whole crop ucooo x 43560 = 7 ' khureef, acre- 

r U* U 1 A I AAA 17821 X ^M X 24 X 183 fiOIQ 

age of which was 1,04,000 104 ooo x 43560 = 6 ' 219 ' 

Had the whole of rubbee harvest consisted of wheat and barley (and 

its proportion was more than 5 acres to 1 of all other crops) the depth 

should have been j^mo = 0-975. 

Had the whole of the khureef been rice and cheena, the two being 

actually in area as 4 to 1 of all other crops, the depth should have been 
326700 - - 
43560 - 7D * 
From this it would appear there was a greater waste of water than can 

be accounted for by evaporation of water in channels during the rubbee ; 
while the actual expenditure on the khureef is so near that of the cal- 
culated, especially when allowance is made for the crops, other than rice 
taking less water, that it can only be explained by the usual rain-fall,, 
which of course relieves the canal greatly for a few weeks (during the 
harrest referred to 22 inches fell in Umritsur). 
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IRRIGATION EXPERIMENTS. 877 

Note by Major E. L. Earle, S.C., Offg. Supdg. Engineer, Upper 
Baree Doab Circle. 

Dated 26th August, mi. 

The pipes experimented on were all 15 feet in length, — that being the 
average length of water-course heads, — and were of two kinds in section, 
cylindrical and rectangular. The former were of baked clay, *285, *4 and 
•48 in diameter, intended for *3, *4 and *5 pipes, and the latter of wood, 
with a diaphragm fixed in, having an orifice 9 x *4. 

The discharge of these were observed under *2, *4 and *6 heads of water, 
the heads being measured by the difference in level of the surfaco of the 
water on either side of the orifice which were submerged, such being gen- 
erally the case with water-course outlets. 

As the tank into which the discharge for ascertaining the quantity of 
water issued was a large one, each experiment was carried on for about 
two hours, and the depth of water discharged into the tank then measured 
off from a very much enlarged scale, as described in the report. Every 
care seems to have been taken to ensure as much accuracy as possible. 
The several experiments on discharge are shown in Appendix A. 

With regard to the best size of pipe for water-course heads, Mr. Palmer 
considers that the *3 pipe, discharging only *0732 cubic feet per second, 
with a head of *4, the greatest to be depended on in a rajbuha, or about 
half that of an ordinary jhnllar, is too small for agricultural purposes. 
The *4 pipe, discharging with the above head *3323 cubic feet, or nearly 
half as much again as the best jhullar observed (-23 cubic feet per sec- 
ond), is the size Mr. Palmer recommends for general adoption. The *5 
pipe, which discharges nearly half cubic foot of water a second, or more 
than double that of the best jhullar, is too large. 

For the quantity of water and the time required for irrigating land, 
Mr. Palmer made experiments on fallow land, selecting fallow land as 
more water is required to saturate it for ploughing than is required for 
watering standing crops. 

The several experiments made for this purpose are given in Appendix 
B. From these the average depth of water to saturate the different 
kinds of soil experimented on was as follows : — 

Sandy soil, '37 cubic feet 

Loamy* -22 „ 
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Heavy clay soil, '28 cubic feet 

Ordinary soil found on high land between Beas and Ravee 

Rivers, .'27 , 

From these experiments, taking *3 feet as the depth of water required, 
to saturate land, and which is more than is necessary for any but a sandy 
soil, Mr. Palmer shows that an ordinary-sized farm of 52 acres obtained 
from actual measurement of 50 jhullar farms, consisting of, say, 22 acres 
of khnreef and SO acres of rubbee land, could be watered for ploughing 
from a '4 pipe, the former in 10 days, and the latter in 13$ days; and 
that as the season for ploughing lasts 1£ months, if it be assumed that a 
water-course flows 8 days in the month, the former area could easily be 
prepared within the time required, and the latter with a little economy. 

The time required to coyer an acre of land as above is '455 days, or at 
the rate of 2*2 acres per day. For standing crops the rate may be taken 
at 4*4 acres, for these, with the exception of rice, do not require more 
than one-half as much water as is necessary for ploughing. This rate, 
even in a season of drought, would be sufficient to secure 20 or 30 acres 
of cultivation. 

In comparing the irrigating power of sach an outlet with that of ma- 
chines for raising water, Mr. Palmer states that as much irrigation oonld 
be obtained with water flowing only once in 4 days as from a 22 feet well 
worked night and day. As from experiment No. XX., Appendix A., 
the discharge of the 22 feet well was "10 cubic feet per second, the ad- 
vantage in favor of the canal water-course does not appear to be quite 
so great. 

I quite agree with Mr. Palmer in thinking that the *4 pipe is best suited 
for canal water-course heads. Where large areas of land had to be irriga- 
ted, and one such pipe would not suffice, two or more could be given to 
the same head. In cases of such heads, Mr. Palmer points out that the 
discharge from two pipes placed together is more than twice that from a 
single pipe ; the discharge from double and single *5 pipes experimented 
on being nearly as 2 J to 1. 

These experiments, which are of much use in enabling some idea to be 
formed of the quantity of water requisite for irrigating a certain are* of 
land, and thereby utilizing the water available to the greatest extent, 
have been carried out with much labor and care, and under great difficul- 
ties, for which Mr. Palmer and Captain Palmer deserve great credit. 
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No. XXXVI. 



EQUIVALENTS OP METRICAL WEIGHTS AND 
MEASURES. 



The following figures which are those that are finally adopted by the 
Standards' Commission, have been received from the Warden of Stand- 
ards. 

The metre is the length of the French standard at temperature 32° 
Fahrenheit. 

The yard is the length of the English standard at temperature 62° 
Fahrenheit. 

The metre, when compared to the yard, both having a temperatnre of 
32° Fahrenheit, is 39*37079 inches. The metre at 32° Fahrenheit, com- 
pared with the yard at 62° Fahrenheit, is 39*382 inches, and this is hence- 
forth to be considered the correct equivalent for use. This modification 
of the usually accepted figures leads to the following changes : — 



1 Kilometre 
1 Metre 



1 Mile = 

1 Yard = 

1 Foot =s 

1 Inch = 

1 Square Decimetres 

1 Square Metre ={ 

1 Are = 

Hectare = 



Old Equivalent. 


New Equivalent 


0621882 


Mile. 


0-62156 


Mile. 


1093683 


Yards. 


1-09894 


Yards. 


8-280899 


Feet. 


8*28183 


Feet 


89-370720 


Inches. 


89-38200 


Inches. 


1609-815 


Metres. 


1608-850 


Metres. 


0*91488 


Metre. 


0-91412 


Metre. 


0-80479 


n 


0-80470 


tt 


0*02539954 


» 


0*2589281 


19 


15*50059 Square Inches. 


15*50942 


Square Inches. 


119603 


„ Yards. 


119671 


>t 


10-7643 


„ Feet 


10-77043 


99 


119-60882 


M Yards. 


119*67144 




2-47144 Acres. 


2-47255 Acres. 
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Old Equivalent. 



Hew Equivalent. 



1 Square inch 
1 Square foot 
1 Square yard 
1 Aero 
1 Square mile 



1 Cubic Metre = 



1 Cubic inch 
1 Cubic foot 
1 Cubic Yard 



1 Litre 



1 Gallon 



== 


0*06451 Square Decimetre 
0*092890 „ Metre. 
0-836097 „ „ 
0-40467 Hectare. 
258 98944 Hectares. 


0644705 Square decimetre 
00928461 „ Metre, 
0-83561 „ „ 
040444 Hectare. 
2588400 Hectares. 


=1 


35-31658 Cubic Feet 
1-30802 „ Yards. 


85 34075 
1-30914 


Cubic Feet. 
„ Yards. 


= 


16-38018 Cub. Centimetres. 
28315311 „ Decimetres. 
76451 „ Metre. 


10 37207 

2829087 
070385 


Cub. Centimetres. 
„ Decimetres. 
„ Metre. 


= 


0-22024 Gallon. 


022018 


Gallon. 


= 


4-54041 Litres. 


4-54173 


Litres. 



The kilogram remains unchanged, being 15432-34874 grains, or 
2-204621 lbs. avoirdupois : 1,000 kilograms equal 0-984206 ton. 
One pound avoirdupois equals 0*45359265 kilogram. 
One ton equals 1016*04754 kilograms. 

B. S. 
India Office, 1 

The blh December, 1871. J 
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No. XXXVIL 



TABLES OF INDIAN CROPS. 



By Capt. J. M. Heywood, R.E. 



The data furnished in these Tables have been collected in connection 
with investigations on the duty of water in regard to Irrigation schemes. 

The list of Bengal Crops has been revised by the Principal of the 
Indian Museum, at Calcutta, and the Superintendent of the Calcutta 
Botanical Gardens. 

The list of Madras Crops was communicated by Dr. Hunter, of the 
Madras School of Art. 

The list of the Bengal and North West Crops is incomplete, the defi- 
ciency in this respect can however, it is believed be easily supplied by 
numerous officers in those Provinces. 

From Bombay no data have been collected. 
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No. XXXVHL 
FELLING TIMBER IN THE HIMALAYAS. 

[ Vide Plates Noa Tmi w XXXH.] 



By George Pellew Paul, C.E., Timber Agent to the Contractors for 
the Delhi Railway. 



[Note by Editor.] 

The following extracts are taken from an interesting book written (and 
published for private circulation) by an Engineer, who has devoted five 
years to felling trees, and launching logs from the pine forests of the 
Himalayas bordering on the river Sutlej. Although many individuals 
have conducted similar operations in this country, scarcely any have as yet 
recorded and published their experience, giving the actual details of the 
work carried out by them. The record of failures and successes, of diffi- 
culties encountered and overcome, and of the varied details of forestero 9 
work in the Himalaya, (or elsewhere,) would be useful, not only to forest 
conservancy officers, timber agents, &c. ; but to the engineering profes- 
sion at large, whose members are occasionally liable to iave work of a 
similar nature devolving upon them in connection with road-making, 
bridge building, &c., in mountainous and wooded countries. The book from 
which these extracts are taken is far too large to be reproduced in externo 
in this publication, nor indeed is all its matter exactly suited to the special 
scope of an Engineering Journal : but the portions selected will give a 
general idea of the nature and style of the work, and the insertion, of this 
article in the " Professional Papers on Indian Engineering," may induce 
others familiar with the subject to furnish records of their experience of 
the Engineering operations connected with timber felling and transport 
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Introductory Remarks. — In 1865, stocks of deodar timber in the depots 
on the various rivers of the Punjab had become so scarce, and the prin- 
cipal sources (forests of the Chenab and Ravee rivers) from whence it had 
for many years previously been supplied, had been so much exhausted, 
that for fear of the utter annihilation of such forests, strict orders had 
been issued by the Government to stay further fellings; and as our 
requirements for sleepers especially, and wood generally, were on such a 
large scale, and as I saw no other prospect of obtaining anything approach- 
ing our wants, I was induced to suggest to the Firm the advisability 
of ourselves undertaking the cutting and launching of logs in some of the 
Himalayan forests bordering the Sutlej river, (provided we could obtain 
the sanction of Government) and floating them down to Phillour, close to 
which place the line of railway passed. 

Not until the early part of 1866 did an opportunity present itself 
for carrying out this idea, when (the late) Mr. M. Ter Arratoon made us 
an offer of 8,000 Deodar trees situated in the Eoonawar sub-division 
of Bussahir, of which by some means or other he had become pos- 



Preliminaries being arranged, I started from the plains in the begin- 
ning of May 1866, reaching the scene of my future labors towards the end 
of the month. 

Locality of the Scene of Operations.— -The forests in which I was per- 
mitted to fell — seven in number — viz., Bapni, Koomkoomee, Ktoat, 
Joompan, Phinla, Janbb and Ramhi, are situated in the sub-division of 
Rasgeemee, District of Eoonawar, (quasi-independent) territory of Bus- 
sahir, in latitude 31° 30}', longitude 78° 13', distant about 130 miles 
from Simla, in an easterly direction, on the left hand side of the valley 
formed by the river Sutlej, which here careers along with road impetu- 
osity between two ranges of mountains, whose cloud-capped summits are 
mostly about fifteen thousand feet above the level of the sea, although 
some of these giants tower up to 18,000 and 21,000 feet, notably those 
of the Raldang Range, whose principal peak, called Eylass, reaches the 
latter height. 

The region is rugged in the extreme; the culturable portion of the 
valley being not more than from seven to nine miles wide, and then only 
in patches where the nature of the hill sides allow of such a proceeding. 
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The principal features of the country are deep worn valleys, sometimes 
narrow, anon spreading out, always more or less rocky, divided by mighty 
spurs, and rapid torrents : precipitous mountains, the tops of whose vast 
chains are veiled in everlasting snow, forming the watershed line of the 
innumerable streams which issue from their sides, and from whose drainage 
they are fed : inaccessible crags, and almost impenetrable forests of pines, 
oaks, and birches. 

The only means of communication with the outer world was by the 
Hindoostan and Tibet road, whose average width of 7 feet only allowed 
mules being used as the method of transport, and even this road was not 
available for our purposes the whole way, as it quitted the left and crossed 
to the right bank of the river Butlej at Wangtu, just twelve miles short 
of the scene of our operations. From that point there were no means of 
communication, but a hill track in every respect both bad and dangerous. 

Labor. — The State of Bussahir is very well populated, and there is no 
lack of labor, if it can only be induced to come forward for work ; but 
the men, as a rule, are so thoroughly lazy, that it is only to obtain just 
sufficient to pay their taxes to the Rajah and Wuzeers that they come for 
employment. 

However, as the timber was urgently required to prevent any delay in 
the opening of the railway, I had to make arrangements for importing la- 
borers from the adjacent territories, and with the help of the " necessary 
advances " I was fairly successful. 

These " foreign " laborers came from Kooloo, Kangra and Koteghur 
in British territory, and the (quasi) independant States of Mandee, 
Gurhwal, Ghamba, as well as from the Chooara Division of Bussahir, all 
access to these places being across snowy passes. The men of Kooloo, 
Kangra and Chamba are a stalwart race, and in appearance a much more 
manly looking set of beings than the generality of the Hill races, although 
they too require the usual amount of driving to keep them at their tasks. 
They used to arrive in May, or as soon as the passes were open, and left 
again about the end of October, just before the passes were closed. The 
Bussahirees of the Koonawur, Pandra-Bis and Athara-Bis districts, used 
to work all the year round, as, in spite of snow and frost, operations (after 
the first season this was done) were carried on in winter, as well as sum- 
mer, to enable timber to be launched as speedily as possible. For weeks I 
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have worked in a foot of snow with the thermometer below freezing point 
at extricating logs from the forests and putting them into the river. 

From personal observations of the different races I have had at sun- 
dry times in employment, I am inclined to look upon the Chamba men, 
and Kooaawareea, as the most honest, while the people of Chooara 
and Gurhwal, particularly the latter, are the most arrant rascals I 
know. 

Prowsw/w.— The inhabitants of Eoonawnr grow but barely sufficient 
grain for their own consumption, and no supplies of food for my im- 
ported laborers were obtainable near the scene of operations ; I had there- 
fore to bring everything up from the lower hills, (principally from the 
British territory of Eooloo opposite Bampore), an average distance of 
70 miles. It had all to be carried on the backs of mules, sheep or goats, 
as no other means of transit were available; and when I add that there 
were occasions when from 400 to 500 mouths (nearly a regiment) were 
dependent on me for their actual daily feeding, some idea of my anxieties 
on that score may be inferred. The least break down in the commissariat 
arrangements, and starvation stared them in the face, and their dispersion 
would be the inevitable result of such an occurrence. I took every pre- 
caution I could to guard against such a contingency, by endeavouring to 
accumulate a reserve ; but for the first three seasons everything was con- 
sumed nearly simultaneously with its arrival, and I had great difficulty 
in laying up sufficient supplies for the winter months, during which 
period mules and such like beasts of burden cannot travel up into these 
regions. 

The following tabular statement will show the annual consumption of 
provisions, from which some idea will be formed of the labor that this 
entailed upon me. Lalla Golab Sing, treasurer to the Hill Boads Division, 
Simla, was my principal grain contractor throughout, and I here beat 
testimony to the able manner in which he and his subordinates performed 
their work. 
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Abstract of Provisions consumed in 54 working months, or an average of 
213 Mounds per month. 





Floor. 


Goor. 

* 


Bioe 


DaU. 

t 


Tobacco 


8aK. 


Ghee. 

X 


Red 


Soap. 


00. 


YMUL 


pepper. 




fMds. 


Mds. 


Mds. 


Mds. 


Mds. 


Mds. 


Mds. 


Mds. 


Mds. 


Mdf. 


5 month*, 1866 


666 


11 


17 


8 


4 


It 


It 




~. 


9 


8 months, 1867 


1,464 


15 


41 


16 


38 


12 


6 


i 


1 


19 


19 months, 1868 


3,978 


81* 


114 


42 


lit 


22f 


16* 


11 


1 


*M 


IS month*. 1869 


9,971 


20 


271i 


m 


8* 


38 


98* 


11 


f 


»* 


12 months, 1870 


1,894 


"i 


67| 


"i 


*t 


n 


1*1 


u 


H 


*H 


6 months, 1871 


814 


t 


18 


iH 


H 


«i 


91 


9 


i 


— 


Total Mds. 


10,271 


80* 


694| 


120} 


•Of 


i*U 


99f 


H 


4 


9*1 



In issuing them the losses sustained from " tare and tret/' rats, mice, 
robberies, &c, were— 





Per oent. 




Flour, 


# # 


Not yet ascertained. Still in coarse of issue. 


Goor, 


40 


Fermented greatly. 


Rice, 


.. 


Not yet ascertained. * Still in course of issue. 


Dal), 


10 




Tobacco, 


43, 


A great portion became stale and unfit for use : 
thrown away. 


Salt, 


36 




Ghee, 


9 




Bed pepper, 


.. 


Not yet ascertained. Still in course of issue. 


Soap, 


50 


Greatly affected by rats. 


Oil, 


3 





The greater portion of the less occurred while the provisions were kept 



• Unrefined product of the sagar-oane (Saeckonm ojldnanm). 
t 8plit peas {Phas«4us Mur*, and P. Rad4ahu>. 
t Clarified batter. 
9 80 lbs. = 1 Maund. 
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m the native huts at Oornee and elsewhere, and before onr own stores 
were ready to receive them: since then our loss has been merely the differ- 
ence between weighing in and out 

Rates of Wages in the Forests.— TheBe throughout were high, but as 
the scene of my operations was so far away from any centre of labor, 
the dearness of imported provisions rendered it necessary to hold out 
a good inducement to obtain workmen, for, otherwise, it would not have 
been worth their while coming very far. But the wages are at least 25 
per cent, higher than the Government need pay in future with regular 
work carried on in the manner proposed under the suggestions for the 
future working of these forests. 

Table of Rates. 

Daily coolies, Men and Women, each, 
„ Boys and Girls, „ 

Jumping a mine, 18 inches deep (in stone), 

Tamping clay, per coolie load, (generally sufficient for 22 mines,) . . 

Jumping a mine, the men finding their own steel for pointing the 
jumpers, powder for blasting, clay for tamping, and firing the 
mine, • • •• •• •• •• •• •• 

Powder charged to the men at per seer of 2 lbs., . . 

8teel ditto, ditto, 

Rolling and launching logs np to 12 feet in length, for each 1000 
feet rolled, 

12 feet to 18 feet in length, for each 1000 feet rolled, 

18 „ 24 ditto, ditto, 

Extricating, leading and launching sawn scantlings per 1000 lineal 
feet of road, (average for all sizes,) 

Making carts, each, 
„ a cart axle, .. 
„ a pair of cart wheels, •• 
„ a platform for cart, 
„ a pair of cart wheels with iron tires, 

Manufacturing unrefined pine oil, per mannd, 

Cart ropes, f diameter, and about 15 feet in length, per mannd, 

(with an addition of 1 rupee per maund for bringing it from Pandra- 
Bis, where it was principally manufactured). One of the abore 
ropes would lead 2| pieces of scantlings of sizes. 

Making temporary clearing or slide in forest to pass the logs down, 
including removing stumps up to 15" in diameter, per 1000 
lineal feet, .. .. .. .. . . ..180 

When the stumps are above that dimension, then for each one an ad- 
ditional sum of , . . . . . . . . . ..020 

(These clearings varied from 10 feet to 30 feet in width). 



as. 


A. 


P. 





4 





2 to Sans. 





5 








2 








8 





1 











12 








8 








10 








12 








1 








7 








8 








4 











6 





4 


6 


1 


8 





5 
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11 

5* 
11 

5| 
11 



Felling trees, each, 
Clearing the branches, each tree, 
Marking logs, each, 
Logging, with cross cut saw, each, 
„ axe, • • • • 

Rough masonry in checkwalls per 100 cubic feet, 
Filling in to ditto, 1000 „ 

Sawing scantlings 18 x 11 X 5| each, 
M „ 18 x 11 X 

„ 14 X 11 X 
» „ 14 X 11 X 

„ „ 24 x 11 X 

» » 24 X 11 X 

w planks per 100 superficial feet, 
„ small scantlings, per cubic foot, 
Erecting railing on mule road per 100 lineal feet,. . 
Hire of a mule from Simla, carries 2J maunds or 200 lbs., 
» » n » one stage, 

(Two pice additional, per stage, for mate's fee.) 
Hire of a coolie from Simla, • . • • . . 

M one stage, •• •• •• • • 

(Two pice additional, per stage, for mate's fee.) 
Steel, per seer, .. .. .. .. 

Blasting powder, including carriage, per seer, 

iron, •• •• • • • • • » . . 

Provisions. 



B8. A. 


P. 


4 





2 





1 





4 





2 





8 





2 8 





8 





1 





1 





2 





1 8 





8 





1 





1 





5 





9 





12 





3 2 


6 


4 





6 to 8 ana. 


15 





64 to 6 an*. 







Flour, per maund, •• •• •• •• •• 

(Issued out at Rs. 5 per maund), 
(Portions purchased at Rs. 8-8, 4, and 5, per maund). 
Ooor (unrefined produce of sugar cane), „ 

Bice, •• •• •• •• „ •• 

Portions purchased at Rs. 5, and 6 „ 
Dall, •• •• •• •• h •* 

Tobacco, • • •• •• •• „ •• 

Portions issued at Rs. 10 „ 
Salt, •• •• •• •• „ ■■ 

Ohee (clarified butter), .. .. „ 

Portions purchased at Rs. 24 „ 
Masalla* (red pepper and turmeric), „ 

Soap, •• •• •• •• „ •• 

vsil, . * •• •• •• •• „ •* 

Portions issued at Rs. 18-5-4 „ 
The greater number of my coolies were distant from their homes three 
to four days' journey, yet once a month they found it cheaper to leare 



11 








7 








6 


10 


s 


11 








10 








82 








20 








20 


e 





11 
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fail work and wages, and traved to and from that distance to fetch their 
own provisions, instead of taking oars at eight seers per rupee. 

RS. A. p. 

Thus, say that a man worked regularly, he would receive for 

a month of 80 days, @ 4 annas, • • 

His flour, if obtained from our stores, would cost him, 

Profit Ks., 

If he goes to his home to fetch it, he would lose at least 6 
days' wages = Rs. 1-8-0, this deducted from Rs. 7-8-0, leaves, 
His flour would stand him at 20 seers per rupee, 

Profit Be., 

So that although he loses 6 days of wages, yet is he better off by 
12 annas at the end of the month by bringing his flour from his own 
house. 

I endeavoured to introduce Mangold Wurzel (Beta Campestris) amongst 
the villagers as a beneficial crop for their cattle, to be stored for winter 
use; and although they fully appreciated the advantages to be derived 
from its cultivation, still the question, " what would be the tax on it as 
soon as it was found to be of use ? " prevented its adoption. 

It was the same with the sun-fiower (Helianthus annuum). Although 
admitting it would be of great service and profitable to rear, yet " what 
would be the new exaction " interfered with me in this attempt to benefit 
the people. Yet these two plants would prove of the utmost value in 
every respect, particularly the former, which would greatly assist in pre- 
venting the cattle from dying of starvation in winter, as they now do* 

Mule Road. — From the impracticable nature of the hill paths on the 
left bank of the Sutlej beyond Wangtu, it was utterly impossible for laden 
mules to reach the scene of the operations. Thus, in order to be able to 
convey the provisions to some spot that would be tolerably centrically 
situated for the work-people, and where I could accumulate and keep a 
supply of them on hand, I was obliged to make a mule road to Eilba, and 
without it I can safely say that I never should have been able to accom- 
plish this undertaking, as I could not have fed my imported laborers. 

A rough alignment, avoiding the worst precipices as much as possible, 
was soon made, and August 1867 saw us turn the first sod, although a 
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fair start did not take place till the November following ; it was passable 
for laden moles into Ramni (6f miles from Wangtu), in September 1868, 
and nnto Kilba, by a temporary expedient over the Janee precipice (7£ 
. miles from Ramni junction) in April 1869, and finished throughout in 
July of the latter year, having occupied 23 months in its actual construc- 
tion. Considering the natural difficulties of making a road through a 
mountainous country, it may be said that it was expeditiously built. The 
width was six feet. Three mural precipices of granite rock had to be 
blasted through, and innumerable small rocks had to be circumvented, 
walling and filling in more or less had to be done, together with three 
bridges spanning that number of torrents. The cost, including labor, 
blasting powder and materials, but without any allowance for supervision, 
Ac., was Rs. 32,500. 

Provision Stores.— Two were built both being needed to enable us to 
keep the provisions required to feed the imported laborers. 

One was situated at Kilba, the head-quarters of the work, and there- 
fore the largest, as it had to supply the laborers working in the Sapni, 
Eoomkoomee, Kunai, Joompan and Phinla Forests ; the other at Ramni, 
for the use of the men employed in that forest and the adjoining one of 
Janee. In addition to the foregoing, a powder house was built at Kilba. 
This was an old cave built up on three sides with rough stones, the forth 
being a portion of the rock forming the cave. 

Bungalows. — Three were built one being over the Kilba store (whereby 
the same roof answered for the two) ; the second at Ramni, erected at 
one end of the store there. These were for our use in the hills ; to which 
I may add that at the permanent camping grounds of Lingnay,"and at 
the mouth of the Phinla Khud, a few huts for servants were constructed. 
The third one was at Pulhan, in the plains, the head-quarters of the 
catching and rafting operations. 

Cash. — I made a very satisfactory arrangement with a native banker, 
by which he agreed to remit me all monies required for disbursements in 
the forests, at a commission rate of 1£ per cent., taking upon himself all 
risks and responsibilities from accidents or robberies that might happen, 
in transit from the Bank to our Safe, thus avoiding any chance of loss on 
our part. Considering that it had to come 134 miles on men's backs, 
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and that it had to pass eight nights on the road, I think it will be ad- 
mitted that this was the best method to be adopted. 

Method of extricating logs from the forests. — Before describing our own 
operations, I will briefly allude to the primitive mode. Premising that the 
greater portion of the Pine Forest tracts are situated in the territories of 
the quasi-independent rajahs bordering our frontier, the process of obtain- 
ing a permit (Ch&pp) was very simple, and merely consisted in giving a 
couple of handfuls of rupees to the rulers, and allowing a certain amount 
of "palm oil" to trickle down amongst the officials of the Court, (a 
bottle of brandy has been a good persuader before now), when permis- 
sion was at once accorded to commence operations. 

The operator would then proceed with a gang of men to the scene of his 
future labors, and fell whatever trees he chose, how and where he liked 
(there being no supervision, he could do as he pleased) from May to 
October in any one season, that being the period for which the honorarium 
he had given was supposed to count. His sole anxiety was to launch every- 
thing he had felled, as more than likely somebody else might obtain a 
permit the following year to fell and launch in the same forest, in which 
ease the new comer would be sure to appropriate any of the logs of his 
predecessor remaining over from the previous season, even though they 
might have the first comer's marks. 

As regards the method adopted for sliding the logs into the river, no 
effort beyond allowing the logs to form their own track, and smooth it 
themselves in their downwards passage was attempted, and it was simply 
a question which was strongest, wood or stone. Yet so long as not more 
than 90 per cent of breakages occurred, timber traders realized a fair 
profit, and were satisfied. That this excess of loss is not exaggerated, 
the remains of the innumerable broken pieces now lying in the old slides 
(?) of those days bear silent testimony. 

Yet not all timber merchants were so short-sighted as not to see and 
understand the advisability of improving the slides in their worst parts. 
The late Mr. M. Ter Arratoon made a small trial in this respect, but it 
was carried out without any attempt at method or regularity, and was 
therefore not of great benefit. 

I have now demonstrated how the extrication of logs can be effected with 
a minimum breakage, (even with my necessarily rough and incomplete, 
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because harried, arrangements,) at a loss certainly not greater than 15 per 
cent., which I believe will be about the damage sustained by as ; less k 
may be, but not greater. 






Above is a sketch of the marks I adopted for the recognition of our logs 
on arrival in the plains. 

The figures on the left denote the forest number of the tree, and were 
consecutive from 1 to 8,000, our limit for felling : they also corresponded 
with the figures on the stumps. 

The letters in the centre of each log stand for the initials of the Finn 
— Brassey, Wythes and Henfrey. 

The figures on the right denote the number of the log : each forest 
commencing with No. 1. 

The above were cut into the sap-wood with an ordinary axe, and cost 
one anna, or three half-pence, for each log. 

The sawn scantlings from Ramni had the initials of the firm branded 
in on their four sides. 

Mark for the Sawn Scantlings. 



B W H 



Branded on both sides. 
In order to prevent any over or under felling of oar limit, and also to 
avoid any disputes with the native officials of the neighbouring court, I 
never allowed any work to commence in any forest until the marking had 
been finished. Just above the root our numbers were cut in deep, as 
shown in the left hand portion of the sketch, and there they are to this- 
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day, permanent witnesses to our operations in this respect. As soon as a 
tree was down it was at once cleared of its branches, and then divided off 
into logs; the spaces had the figures and letters comprising our mark 
drawn on them by means of charcoal or chalk, and the men set to work to 
cut them in. Every log was at the same time entered in a book, of which 
the following is a specimen :— 



Koomkoomee Forest. 



Distinguished Mabk. 


Dimensions. 


CUBIC CON- 
TENTS. 






Marka. 


No. of Logs. 


Length. 


Girth. 


Name of Hate who 
cut. 


No. of Tree. 




















Ft. 


Ins. 


Ft. 


Ins. 


Ft, 


Ins. 




2,975 


B W H 


805 


12 




8 


2 


50 


«•• 


MagneeBam. 






6 


12 


... 


7 


6 


42 


2 


»• 






7 


12 


••• 


6 


8 


83 


4 


» 






8 


12 


••• 


5 


8 


24 


1 


» 


2,976 


Do. 


9 


13 


••• 


7 


4 


43 


8 


»» 






10 


12 


... 


6 


6 


84 


8 


i» 






1 


13 


... 


6 


... 


29 


3 


»» 






2 


13 


... 


4 


8 


17 


8 


»» 



Thus there was no fear of felling any trees but onr own, and we could 
not well be cheated in paying for more felling, clearing, marking, or log- 
ging in any one forest, than what our books showed. Four natives were 
well broken into this work, and their returns taken daily, and as we wefe 
constantly about the forests, we tested the numbers frequently and always 
found them correct, also the measurements of the dimensions. 
TJhe number of the trees made over to us were as follows: — 



Janee, 


• • • 


1 to 548 = 548 


Phinla, 


.. • 


549 to 1,858 = 1,310 


Do. 


• • • 


.. 3,102 to 3,668 = 567 


Kauai, 


.. 


.. 1,859 to 2,504 s= 646 


Koomkoomee, .. 


.. 


.. 2,505 to 2,902 =: 898 


Sapni, 


.. • 


.. 2,903 to 3,101 = 199 


Joompan, 


• • 


. . 3,669 to 6,426 = 2,758 


Ramni, 




.. 6,427 to 8,000 = 1,574 
Total, 8,000 


VOL. I. — SECOND S 


ERIE8. 


2 Y 
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60 that by a reference to any left hand number on onr logs on arriral 
in the plains, I could at one distinguish which forest it had come from. 

Working Operations Sapni Forest. — This forest (situated on the east 
sido of the spur which runs towards the junction of the Buspa and Sutlej 
rivers,) although a few years back almost impenetrable, is now bare of 
trees; the cause — a fire that occurred about seven years ago destroy- 
ing the whole of the lower portion, and leaving but a wreck above. It 
is now trying to recover itself, and the natural reproduction is very 
good where allowed proper action, but no benefit will ever accrue to this 
or any other one of the forests until properly enclosed. Primarily, each 
of the paths leading from one village to another, or to their outlying 
hamlets, require fencing on either side, leaving, say, a space \ feet be- 
tween for the passage of goats, sheep, &c, after which attention should be 
turned to demarcating the upper and lower boundaries. A little judicious 
thinning amongst the younger coniferae, and clearing away of scrub to 
prevent their being choked, is advisable. There are also a number of 
standing dry, and partially burnt trees, and others that have fallen from the 
action of wind or snow, these should all be removed to the river : at present 
they are but so much additional food for fire, should such again happen. 
Besides they (the two former) attract lightning, and are dangerous 
from that cause. All the refuse wood should also be gathered together 
and sent down to the river ; it would be useful in the plains for firewood, 
would cover its own expenses, and would be one element less for ignition. 
The soil is a very deep rich humus, the collection of centuries of fallen 
leaves, overlaying gneissoid granite rock. The general slope is about an 
angle of 35° in the lower portion, higher up it becomes less : the aspect 
is almost due east. But very few Kelmung trees now remain for felling, 
although they can be supplemented by the Rai and Lim, which are plenti- 
ful in the upper portions of the forest. 

The trees marked over to us in this forest were so few in number, that 
I could not go to great expense for building intercepting walls, so I 
contented myself with constructing a couple of small rough ones at the 
two worst places in the slides, ju6t sufficient to give the logs a turn into 
two hollows, which answered very fairly as natural slides. They also acted 
as counting places, as the logs once past them went direct into the river 
Buspa. The logs being collected on these walls, and notice being given, 
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one of us (Europeans) would go and count them, examine the marks, and 
then give the order to launch them into the water. However, to be quite 
sure that none were left in the slides, a foot-path zig-zagged down their 
side 8 Affording peeps of them throughout, and it was not until a second 
visit had been inade to the counting place, and a trip down the footpath 
undertaken to see that every log was in the water, that any settlement of 
account could take place ; thus ensuring that no rascalities such as burying 
or hiding any of the logs could occur. 

The following statement will show the cost of putting the logs into the 
river, and their out-turn. The greater portion of them were cut long, t. e., 
from 23 to 25 feet. 

Marking trees, .. .. .. .. •• 

Felling and charing trees, and marking and sawing logs, . . 
Making slides and building two intercepting walls aggregat- 
ing 350 lineal feet, 
Compensation to villages for crops destroyed, .. •• 

Launching logs, .. .. 



BS. A. 


P. 


8 12 





520 15 


9 


471 15 





33 8 


6 


,833 .0 






Total Rs., . . 2,8G7 3 3 

This forest contained 199 trees, yielding 458 logs, each averaging 
68*64 cubic feet, or a total of 31,437 cubic feet, the cost therefore (for 
labor only, and without any charges for establishment, &c.,) is Rs. 14-6-6 
per tree, Rs. 6-4-2 per log, Re. 0-1 5 1 per cubic foot. If to the forego- 
ing we add the proportion due for supervision, &c, at Rs. 84-13-5 
per tree, Rs. 11-4-0 per log, Re. 0-5-0 per cubic foot,* we shall have 
the actual expenditure at Rs. 49-3-11 per tree, Rs. 17-8-2 per log, Re. 
0-6-5J per cubic foot, for extricating timber from this forest. The cost 
of catching and rafting the logs in the plains may be safely assumed at Re, 
0-1 -11^ per cubic foot, inclusive of all charges for supervision, labor 
and materials. By adding this sum to the total cost of a cubic foot of 
timber in each forest, the exact cost of landing timber at Phillour can be 
readily ascertained in each instance. 

About two miles of temporary or natural slides, 350 lineal feet of inter- 
cepting walls, and 269 mines (of an average depth of eighteen inches 
each) blasted, comprised the works for assisting the extrication of logs 
from this forest. 

• Vide page 419. 
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The trees were in girth, taken at a man's height from the ground, as 
follows : — 

6 feet in girth, 35 

7 „ 46 

8 62 

* 36 

10 , 19 

U „ 6 

1* „ 1 

13 „ 2 

H 1 

15 „ 1 

Total Trees, 190 

being an average of 8 feet in girth for the trees of this forest. A 
loss of 46 logs, equal to 9 per cent., occurred between forest and 
river. 

The principal implements made use of in these operations are— 
The felling axe, weighing about 4 tbs., used for cutting down the trees, 
clearing them of their branches, and other purposes too numerous to men- 
tion. The cross cut saw for converting the trees into logs. 

Wooden levers, abont 6 feet 6 inches long, 3 inches in diameter (cut 
from the nearest tree or sapling) with which to move the logs. 

Koomkoomee forest, — Situated on the west side of the spur mentioned 
under the former forest, and to the east of Eunai village. The soil and 
rock differ in no respect from the previous description ; the aspect though 
is north, and the upper portion of the forest is on a steeper slope than 
the lower. The auxiliary pines are tolerably plentiful, and in places they 
appear to be ousting the cedar. Here again demarcation and fencing are 
greatly required. 

The intercepting arrangements here were more elaborate, and consisted 
of a wall nearly 1,000 feet in length, ( the width being twenty feet,) so 
laid out as to cut across the lower portions of the natural slides, and by its 
means the logs were conveyed to a certain point, whence they could reach 
the river with the least damage. But for this they would have gone, 
some into a streamlet whence further removal would have been difficult, 
and occasioned great delay in their after progress to the river, and others 
over an earthen precipice with plenty of large boulders spread about its base, 
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upon which the logs in their flight would have struck, and the greater por. 
tion been smashed. The counting place was on a small plateau, quite at the 
bottom, being only 40 feet above the Sutlej. Here the logs were collected 
for launching, so that in this instance there was no fear of paying for any 
that did not go into the river : thus from the sure and certain testimony 
of my European assistants, or of my own eyesight, do I know that every 
log returned as launched has been seen to take its plunge into the water ; 
no ipse dixit of a native has been here, or elsewhere, necessary for such a 
purpose. 

The following statements will show the cost of putting the logs into the 
river and their out-turn ; the greater portion of them were cut slightly over 
15 feet in length to be available for bridge purposes. 

Marking trees, 

Felling and clearing trees, and marking and sawing logs, . . 
Making slides and building intercepting wall, 1,000 lineal feet, 
Compensation to villagers for crops destroyed, 
Launching logs, . . 

Total Rs., .. 

This forest contained 398 trees, yielding 1,816 logs, each averaging 
34*80 cubic feet, or a total of 63,196 cubic feet, the cost therefore (for 
labor only, and without any charges for establishment, &c.,) was Rs. 
14-6-4 per tree, Us. 3-2-5 per log, Re. 0-1 -5^ per cubic foot. 

If to the foregoing we add (as before) the proportion due for supervi- 
sion, seigniorage, &c, Rs. 34-18-5 per tree, Rs. 11-4-0 per log, Re. 
0-5-0 per cubic foot, we shall have the actual expenditure at Rs. 49-3-9 
per tree, Rs. 14-6-5 per log, Re. 0-6-5£ per cubic foot, for extricating 
timber from this forest. A loss of 27 logs, equal to 1^ per cent., occur- 
red between forest and river. 

About 3 miles of natural slides, 1,000 lineal feet of intercepting wall, 
and 964 mines (of an average depth of eighteen inches each) blasted, 
comprised the works for assisting the extrication of logs from this forest. 

Joompan Forest — A distance of 2£ miles as the crow flies, and five by 
the path, separated this forest from the former three. It is situated on 
both sides of the spur that divides the Halabgar stream (popularly known 
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as the Joompan Ehud) from the Sdeeling stream (likewise known as the 
Phinla Khud). This was a virgin forest in every sense of the word, 
it having been protected from the presence of ordinary timber traders by 
the rocky nature of the lower portion, rendering the removal of timber, 
in their non- professional eyes, so extremely improbable, that none of them 
had ever even dreamt of making the experiment* 

In this forest I had to construct eight long intercepting walls to pre- 
vent the logs being broken or getting into inaccessible places ; five of 
them were in the east forest, and aggregated 4,020 feet in length, while 
the three in the western portion amounted to 670 lineal feet ; into these 
dozens of natural slides opened, and a tolerable constant rush of logs has 
passed over them. The eastern ones were all led to the only available 
point that offered itself for continuing their course to the river, by utiliz- 
ing the bed of the Halabgar stream for a short distance from its month, 
by filling it up with stones, and levelling it as well as I could by blasting 
out the large rocks, and then rough pitching it ; the approach to it being 
an earthen slide (in continuation of a short wooden one) from which 
large pieces of rock and stones were always escaping, caused by the pas- 
sage down of the logs wearing away the earthen support from under 
them, and requiring constant attention in mining out projecting stones, 
or smash would go the logs. In fact all the breakages in the forests 
happen in the lower third part of the route, where the face of the country 
is so rocky and steep ; the upper two-thirds being generally well coated 
with mould and the slope more favourable, accidents but rarely happen. 
The bed of the stream was a constant source of worry as it could not be 
maintained in a permanent state of repair, from the water disarranging, 
by its force, our attempts at keeping up a fairly even surface, and parti- 
cularly during the height of the rainy season was this the case. Last 
year (end of July), owing to a delay in bringing some logs to the counting 
place, the annual flood camo down and carried off 300 logs at one swoop. 
Some of the mountain torrents are subject to this, and woe betide every- 
thing that may be within its influence. I have known Koonch trees, 
four feet in diameter, torn up and carried, roots, branches, and all, into 
the Sutlej. During two or three spare intervals, of a few days each only 
that occurred in the passing of the logs down the intercepting walls, I 
managed to put in two wooden shoots of the above pattern, and the time 
they saved, though they were only so small, was immense. I only wished 
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I could have constructed more of them, but the flood of logs was so 
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steady, and the men so eager not to be delayed, (doing so might have 
lost future labor,) that but three opportunities offered either for lengthen- 
ing or building new ones, and of these I need hardly say I availed myself. 
The cost per cubic foot calculated similarly to those previously given in 
detail, amounted to Re. 0-6- 10 J per cubic foot. The sketch of the cross - 
section of the Phinla Khud (vide page 406), will give an idea of the sides 
of the Halabgar stream, as they differed but slightly, and that only close to 
the Sutlej, the former running gently down to its edge, while the latter 
was some 30 feet above it; here also was the counting place, thus no 
cheating could occur. 

The expenditure for this forest was heavy, but spread over the very large 
number of logs that had to come out, the proportion is not so very much 
greater than in the others ; and without the accessories of the intercepting 
walls, I feel confident that not 30 per cent, of whole logs could ever have 
reached the river, and the greater number of those would have been 
so much shaken, that on being sawn up, they would have been found unfitt- 
ed for any purposes requiring strength. The logs were all cut to sleeper 
lengthy t. e., about 11 feet The cost per cubic foot, calculated similarly 
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to those previously given in detail, amounts to Re. 0-6-lOf for the out- 
turn of this forest. 

Pht'nla Forest, — Situated on the east flank of the spur which meets the 
Sutlej near the mouth of, and separated from the previous forest by, the 
Sdeeling stream (commonly known as the Phinla Khnd.) In connection 
with these forests of the Himalayas it is a noteworthy circumstance that 
nearly all the best timber and straightest trees grow on old terraces 
originally made for cultivation. From particulars that I have gleaned, 
it appears that, somewhere between 150 and 200 years ago, an epidemic 
visited the country, and carried off nearly all the inhabitants ; in some 
of the villages only one family out of 15 or 20 escaping I The popula- 
tion being thus so greatly reduced, cultivation could only be carried on 
ever a limited area of the arable lands that had, previous to that event 
been tilled by the community, the remainder would, therefore, in the 
regular course of things, return to its natural state, aud thus in 
the course of years the forests gradually but surely spread themselves 
*>ver the fields and terraces as we now see them. I am inclined to believe 
that pine forests more or less dense have existed in these hills from time 
immemorial, and as the seeds retain vitality for a long time when buried 
in their mother earth, might they not have sprouted when no longer 
disturbed by the plough ? When once a pine forest has taken posses- 
sion of a place, I feel certain it can never be eradicated (continual fires 
passing over its site always excepted). The ground becomes so satu- 
rated with seed, that although it may be cleared and turned over again 
and again, yet when left only for a few years, a new forest will commence 
to be formed. There are many parts of these forests where, if merely 
hoed just sufficiently to loosen the soil, a most satisfactory result would 
ensue : a pick-axe used in like manner would also answer. My observa- 
tions of the various natural slides lead me to this belief, as after a good 
course of ploughing up from the logs rolling and bumping over them has 
taken place, if the slide is not touched for sometime tiny conifer® raise 
their heads. In one or two instances, logs have again passed over and 
crushed and scattered these incipient firs, totally changing the surface of 
the earth, when lo, after another rest, other little fellows have sprouted 
up, and it is upon this circumstance that I conclude that the soil of a pine 
forest becomes so impregnated, that natural reproduction follows as a 
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matter of coarse, if rest is allowed, accompanied by a thorough system of 
fencing and enclosure to keep out flocks and herds. The auxiliary firs 
are here in fair numbers, with the addition of the span which is in great 
abundance near the upper limits of the deodar. The aspect is north 
east ; the soil very good, thin at the top, but increasing in depth about 
half way down, overlying granite. The slope is very steep in every direc- 
tion : from 35° to 40° being about the angle of inclination. 

Here again intercepting walls were indispensable to prevent the logs 
from getting into inextricable positions owing to the necessity of bring- 
ing the Joompan west forest logs into the same outlet as the Phinla 
ones ; and in order to economize time and labor as much as possible, I 
was obliged to utilize the Sdeeling stream from about one-third of its 
distance up. Though the result was disappointing in every way, very 
expensive, and the source of after delays in the launching operations, yet 
these causes were quite counterbalanced by the celerity with which I could 
open out a rough communication between forest and river (was I not work- 
ing against time, and was not the wood urgently required in the plains ? ) 
improving it afterwards as time and opportunities offered. It is quite 
true that I could have continued the intercepting wall across the spur in- 
to a natural slide in the adjoining forest of Fuming (A to B, plate XXXII.), 
but the delay in 
constructing it in- 
duced me to over- 
look its otherwise 
many advantages, 
and to give it up 
However, as time 
wore on, we blast- 
ed ont projecting 
rocks, and built 
catching walls at 
intervals in the 
Sdeeling stream, 
so that at last it 
presented the ap- 
pearance of a huge 
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Appearance Wig&ff after filling in, 
* to iO feet vide. 



staircase. The walls were very strong, being constructed with long 
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Flan of Wooden Ties and pitching adopted in. 
Phinta Khud. 
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wooden ties, length and crosswise, ballasted with large bonlders ; tie 
narrower portions of the stream had to be filled np to a width of 1& 

feet. In places wooden ways 
bolted to strong cross timbers 
(as in sketch), were laid down 
to expedite the passage of the* 
fogsr rongh pitching every- 
where had to be done. Each 
summer season required fresh 
attentions of like nature, a» 
the body of water being then 
increased by the melting of 
the snow, it attained sufficient 
strength todislodge some of the 
smaller boulders'. Occasionally 
the current would change from 
oue side to the other, when, 
after a certain time, displace- 
ment of rocks would ensue, 
blocking up part or the whole 
of the roadway, then new pro- 
jections would crop up requir- 
ing smoothing down to prevent interference with the logs. If these 
matters were not promptly attended to, the contract gangs would desert, 
and their reports of the difficulties and delays they had incurred would* 
deter others from coming to the works. A reference to the sketch* 
of the slides of this, and the west Joompan forest, will show that the 
bed of the torrent was the only means of exit, unless I had made two 
long additional intercepting walls (A to B, C to D, plate XXXII.,) one 
for each forest, and the delay and expense attendent on their construction 
did not, I considered, warrant my doing so. This forest had likewise 
never been previously felled in ; it too had been protected by the rocky 
nature of the ground at its lower portion, and thus it was left to me to 
solve the question, "is extrication possible or not?" The breakage here 
was greatest of all, partly from having to use the stream, the water 
rendering the logs so slippery, that when once started, there was no cer- 
tainty as to their aftermovements : a projecting knob of stone might giva 
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them ft torn into a direction they ought not to take, when a flight would 
ensue, the result being a smash. However the principal damage was 
caused by a landslip in February 1870, which coming down with great 
impetus on a large collection of logs (from the previous season's work in 
the forest) buried them, and injured more or less the thinner ones : never- 
theless with the exception of about 100, all have been extricated and 
launched during the past year. This performance gave me much labor, 
*nd caused delay to other parts of the work. A principal hindrance arose 
also from the fact of the laborers not relishing the idea of working in 
the water; it was not until daily work became scarce in the other forests 
that men could be induced to come here. 

The cost of moving out timber from this forest was Re. 0-7-5} per 
cubic foot. The loss before reaching the river may be assumed at one- 
fifth : the two causes of this excessive damage have already been detailed, 
and therefore it is obvious that extricating logs vid a mountain torrent 
is a mistake, and should never be attempted again. 

The Ramni Forest. — Is situated two miles up the valley of the Melgard, 
being divided from the Janee forest by the east flank of the spur that runs 
down to the Sutlej. From its locality no one had ever dreamt of looking 
at it ; and the inhabitants unanimously recorded their conviction that not 
a cubic inch of timber could ever come out of it. Its position was such, 
that without a large outlay for roads communicating with the Sutlej, not 
a 6tick of timber, whether round or squared, could ever be got out of it, 
in fact the time had not Arrived for utilizing forests of this description 
placed so far away from the main river. 

The Ramni forest is a magniGcient one, and contains even now over 
2,000 available cedar trees, besides immense tracts of auxiliary firs. 
Oaks — (Mohru) 9 to 12 feet in girth, and 70 to 80 feet high, abound, and 
here are deciduous trees in great numbers, amongst the latter may be men- 
tioned Shko, Koonch, Laur, Kakkar, Kashin, Soah, and many others, all 
really useful trees for various purposes, particularly so for furniture, but 
which, from their specific gravity being too great for floating, cannot at 
present be utilized, as there is no means as yet available for transporting 
them to any market where any reasonable return could be obtained to 
cover the cost of carriage. The western part of the forest is gradually 
being burned away, accidental (?) fires are of annual occurrence, doubtless 
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originated for the purpose of obtaining good grass near home, for flocks 
and herds. By simply firing the grass above the. limits of arborescent 
vegetation no harm could accrue, as the blaze would not descend, and 
danger from this sonrce would be removed, while the extra distance for the 
men to take their sheep and goats is not worth mentioning: a saving of 
from three weeks to a month in the spring time in obtaining fresh green 
grass is the real cause of these fires. The old crop is burnt off the face of 
the ground, and the new soon sprouts up, affording early pasturage to the 
cattle ; but for this arrangement the villagers would have to lay up a sup- 
ply of fodder sufficient to carry them over that period, and this causing 
them exertion is objectionable, the more so when the remedy is so handy. 
While on this subject, I think I must give expression to a theory I have 
formed as to the reason why the southern slopes of these mountains are so 
very bare ; and that is because they have been more continuously resided 
upon, from the fact of their aspect being south, and therefore warmer than 
the opposite slopes, which have a northern aspect. The usual fires have of 
course annually happened, and these by degrees have slowly but surely -ex- 
terminated nearly everything but grass. I may add that the epidemic 
mentioned (at page 404 of this report) does, not appear to have crossed 
over to that side. The aspect of this forest is both north-east and north- 
west, the soil deep and good, overlying granite, gneissoid and quartzoze 
rocks, with the glittering mica and mica slate scattered in places. The 
6lope in the eastern portion is about 30°, while opposite it is nearer 40°. 
There are several level spots about the little valley, evidently formed from 
landslips at some former period. 

As a last resource, I had to decide upon building roads, sawing up the 
logs into sleepers and beams, and transporting them out on carts. 

When manual labor is employed it is very disadvantageous to gather 
logs into too large collections, as owing to the inequalities and slope of 
the ground the men cannot work them off fast enough, and sawing plat- 
forms are therefore necessary to this end : about 250 logs was the great- 
est number we ever got together in any one spot at one time. My own 
opinion is, that conversion into scantlings previous to removal from the 
forests is a mistake in every respect, and causes a dreadful waste of 
material in the forest; and then the hard knocks they receive in the 
6utlej on their way down renders the greater portion unfit for any useful 
purposes. Of this I felt tolerably sure beforehand, as I had had good evi- 
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deuce of a similar fact on the Ravee in 1865, where out of a number ap- 
proaching 49,000 sleepers, only 80,000 were good for anything, the 
rest having been too greatly damaged in their transit from the hills to the 
plains. 

In the few spare moments we had, we tried to distil pine oil from the 
chips that came off the sides of the logs in converting them into scant- 
lings, and the experiment was tolerably successful, and would have been 
entirely so could but proper time and attention have been devoted to it. 
With a little more refining, an oil quite equal to Kerosine could be 
obtained at about half its cost. Up to the point we left off at, the 
expenditure was about Re. 1-8-0 per maund (without refining and merely 
for distilling the oil from the chips.) The idea here was to try and 
make a sufficient quantity of it to send to Simla for sale, using the 
mules that brought out the provisions for its transport, and thus by 
giving the muleteers a return fare lower the prices of the 6aid provisions : 
this, and not the hope of making any profit on the oil, was the sole reason 
for making the experiment. So many other matters however engaged 
our attention, that by degrees the matter fell to the ground from want 
of opportunity and time to carry it out. The auxiliary firs would yield 
an annual supply of turpentine oil if properly looked after for such a 
purpose. A small niche, slightly sloping to one corner, and a tin cup 
with protruding lip, fixed underneath, would catch all the fluid that those 
trees could spare ; exhaustion should not be resorted to, but merely of 
its superabundance of the fluid should a tree be made to give : the niches 
should work up spirally round a tree (like the worm of a corkscrew) at 
regular intervals, and only one incision in a tree in one year should be 
made. 

In this forest the expenditure amounted to Rs. 62,260-9-3 : had the logs 
been removed in similar manner as in other forests, the cost would have 
been Rs. 74-5-5 per tree, Rs. 23-11-0 per log, Re. 0-9-3 per cubic foot, 
for extricating timber from this forest. The natural conclusion to be 
derived from the forgoing figures is, that until proper communications are 
first of all constructed between the works and the Sutlej, no attempt to 
extricate logs or timber from a forest similarly situated should ever again 
be tried. 

But the actual cost of the Sawn Scantlings was much greater as will 
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be Men from the following table, which shows the details of the out-tam 
of sawn timber, launched into the River. 



Dimensions of 
-scantlings. 


No. of 
scantlings 
launched. 


Cubical 
contents 
in feet. 


If solely 
used for 
sleepers, 

would 


Remark*. 










yield. 




12 x 11 
12 x 11 


• 
X 11 

X 5J 


8,074 
2,889 


80,996 
11*945 


6,148 
2,289 


Total pieces of scant- 
liDgs sawn, •■• ••• •»► 


12,606 


14 x 11 


X 11 


1,287 


15,140 


2,574 


Total Launched, 


11,96* 


14 x 11 


X 5J 


739 


4,846 


789 




v» 


16 x 11 

16 x ia 


X a 
X 5) 


•607 
859 


8,160 
2,413 


1,214 
859 


Dednct for 1,110 broken 
pieces launched, 


555 


18 X 11 


X 11 
X 51 
X 11 


888 
208 
285 


5,112 
1,578 
4,789 


676 

208 

1,140 


Leaves for breakage in 


681 


16 x 11 
SO X 11 


transit from forest to 
river, being equal to an 
aveiage of 5*43 per cent 




SO x 11 


X 5} 


197 


1,655 


394 






S2 Xll 


X 11 


496 


9,169 


1,984 






22 X 11 


X 6J 


806 


2,828 


612 






S4 x 11 
24 X 11 


X 11 
X 6J 


851 
210 


7,078 
2,117 


1,404 
420 


Average contents of 
each piece of sawn scant- 
lings, 10 cubic feet. 




28 X 11 


X 11 


181 


2,861 


524 






26 X 11 


X 54 

to come 

broken 

••• 

al ... 


59 


644 


118 






Add still j 

out, 
Add for 

pieces, 


11,086 
882 
555 


1,10,826 
8,320 
4.995 


20,903 
628 




Tot 


11,928 


1,19,141 


21,531 





Thus each sleeper will have cost Us. 2-14-2£, while on each cubic foot 
of sawn timber has been expended Rs. 0-8-4J, merely for putting into tkt 
water, and without any allowance for supervision, catching, rafting, Ac. 

Up to the end of 1870 there had reached Phillour 4,474 whole scant* 
lings, and 1,656 broken pieces, out of 8,039 whole, and 791 broken piece* 
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6f scantling launched (August 81st, 1870,) proving that the river mus* 
can se serious damage to timber in transit) and in a much greater propor- 
tion than occurs in bringing it from forest to river. 

Sweeping the River Sutlej. -^-This was an actual necessity (of various 
reasons, particularly so to try and check the robberies of logs that daily 
occur. My Assistants, who had the management of this work, had a most 
unpleasant time of it, as the whole of the villagers inhabiting the valley 
on either side of the Sutlej were against them, and put every difficulty in 
their way to try and prevent them carrying out the work in a proper 
manner. Yet. not only were the villagers against our proceedings in this 
. matter, but likewise the Rajahs through whose territories the river passes. 
The favourite method of obliterating marks, and most ingenious every 
one must admit it to be, is to sodden with water that part of the log 
where the mark has been cut in, and then to take a good sized stone and 
pound away. Thus gradually the wood is peeled off, leaving not a trace-, 
to show how it was done, or that there had ever been an imprint of any 
description on any portion of the log. It may be objected that the 
fact of the logs being cross sawn at the ends would deter the people from 
touching any of that sort. Not a bit of it. By judiciously chipping one 
end with an axe, and slightly rounding the other, this drawback is at. 
once removed, and would afford a spectator the idea that it had come 
from the forests in that state. The operation is so perfect, that detection 
—unless caught in the act — is impossible. These two kinds of deception 
will give some slight notion of the difficulties that lay in our path. I might 
add a third example, which is to run a log up on to one of the numerous 
sand banks that abound in the lower portion of the river, and there bury 
H, removing it at such time or opportunity as might prove best suitable. 

There is no doubt, but that without this sweeping, the greater part of 
the logs that have already reached the plains would not have done so, as 
when the river is on the annual decline, great numbers of them get into 
side channels^ on to sand banks, or perched on solitary rocks mid-stream, ' 
and there they remain until such times as the water again rises sufficient- 
ly to remove them. In the meantime they are undergoing a frying pro- 
cess from the rays Of the sun, which, shining only on \he upper portion, 
while the underside is perhaps in the water or on damp ground, cause 
longitudinal cracks in them, ruining their value and usefulness. This 
can be obviated by simply assisting them into the nearest channel, so 
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expediting their arrival at the depots. Sweeping gangs, under Euro- 
pean supervision, should always be kept up for this purpose. 

Here again we had to make foot-paths to enable us to keep as near the 
banks of the river as possible. Several miles of them were constructed 
at the worst positions of the route, and where it was difficult or danger- 
ous to proceed along without them. 

They were about 18 inches in width. But for them the parts of the 
river they were intended to serve, and where logs were found to stick in 
numbers, could not have been visited by us. The logs would have gone 
on collecting, and we should all have wondered what had become of them. 

There are some very bad places in the river, full of large boulders and 
rocks, the worst ones being under the Rusthall and Dippi Forests, below 
Serahan, and particularly so at Lakkri Ghat, between Belaspore and 
Naila, and it is here I feel certain that the principal damage to logs 
happens. It is a mixture of rapid and waterfall, with the bed below 
choked with the debris of ages, and on this the logs are driven with such 
force, that breakage ensues, and thus do I account for the innumerable 
small pieces of timber that yearly reach our depots. The only remedy, 
so long as the river is to continue to be the mode of transit for the logs, 
is to construct a dam about a couple of miles up on the Belaspore side, and 
make a small canal round, rejoining the river a short distance below. Ten 
feet wide and about 7 feet in depth would be quite sufficient to float the 
logs down singly. Another plan would be to catch all logs between Dhair 
and Seeree, and from the latter place make a line of railway (following the 
right bank) to Bull for their conveyance past this objectionable rapid. 

Catching the logs in the Plains. — The arrangements made for this 
purpose extended over a lengthened 6pace, (at least 100 miles of river 
frontage), so as to allow the logs to be caught during daylight, as they 
are invisible at night, and it would have been too dangerous to send the 
skinsmen out after dark. To this end there were no less than 31 catch 
ing stations fixed at different points on the river between Naila, at the 
great bend of the Sutlej, and Kurrianah, seven miles above Phillour, so 
that logs passing the upper stations during the night would be in the 
neighbourhood of the lower ones towards daylight, when they would be 
secured. In many places the river is very wide, and is frequently divided 
into several side channels, which, although capable of floating logs down 
for three months in the year, during the height of the rains, become/ 
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as the main channel lowers, so many traps to catch onr logs. They have 
been the ultimate cause of great trouble and expense in extricating our 
logs from their dry beds, an operation which was always performed 
towards the end of each season, when the depots and the river were 
generally cleared, and the results taken down to Phillour loosely, or in 
rafts, as occasion served. The river is so low in the winter months that 
logs cannot float far, as they are certain to be brought up by a sand bank. 
With an average gang of men to keep them together, there is no chance 
of their going astray, even if taken down in the former manner. 

The process of catching the logs is to engage, about the month of 
May, a oertain number of tarroos (men with inflated skins) who watch 
for the logs, a short distance on the upper side of their respective depots, 
and as soon as they observe one coming, jump into the water and swim 
out to it, roll it over to note its mark, and, if it belongs to their employer, 
work it gradually to the catching station where it is landed, and at once 
rolled up the bank out of reach of unexpected floods : the same process is 
repeated daily throughout the season. As payment is only made on the 
logs caught and landed, it may be imagined with what eagerness the gangs 
would rival one another in their efforts to catch the logs, the first one 
touching it naturally claiming it, and some ludicrous scenes are occa- 
sionally enacted by the men in their anxiety to attain their object. The 
inflated skin sometimes collapses just as the owner is about to touch a 
log, and under it he most likely goes, amidst the jeers of his more for- 
tunate brethren ; however, as the tarroos are all expert swimmers, beyond 
the loss of a log no harm would ensue. To prevent paying twice o?er for 
the logs, each had a store number cut into the sapwood. They were also 
booked somewhat after the style before-mentioned, as being in use in 
forests ; thus cheating in this respect could not well occur. . 

The rates for labor under this heading were— 

Daily laborers, 

Monthly tarroos (small inflated skins), . . 
Dreyns, (large „ „ ), .. 
Carpenter, per day, 
Clearing knots, per 100 logs, 
Catching logs, per 100, 

(Including landing and rolling up the bank, 
Catching sleepers, per 100, 

(Including removing to above high water mark) 
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Rafting logs from the Catching Stations to the Depot at Phillour. — Thit 
is the last scene in the life of a "forest" log, as once arrived at its destina- 
tion, its conversion is so speedy, that further separate existence it has not, 
and from thenceforward enters into the family of useful necessaries for the 
comfort of the human race. The rafts generally contain 30 logs, and are 
taken charge of by 2 or 3 men ; the time occupied in proceeding from 
Pulhan (the head-quarters of the catching and rafting operations, to 
Phillour being nearly a month in the low seasons of the year, although in 
June to August, when the river is 'in full flood, about 8 to 10 days suffice. 
The rafts are tied together with bamboos (Bambusa stricta) laid crosswise, 
and native twisted rope made of Moonj or of Bhagghar, and are steered 
by a couple of long chooarees at the tail. At night they moor alongside 
the bank, proceeding on next morning. It was considered impossible to 
take logs down during the height of the floods, but the necessity of 
delivering the timber early and regularly drove us to make the trial, and 
although some difficulty met us at first from the fears of the tarroos, we 
overcame that, and now for the last ftwo seasons they have offered no 
farther objections on this score. 

We had a couple of boats for inspection purposes, and to examine 
the side channels in the banks of the river, and although the trips in 
them, performed during the height of the rains, were attended by danger, 
particularly so at the different rapids, where, unless the management of 
the helm was properly looked after, a smash up against the conglomera- 
ted sides of the river's bank would ensue, with drowning to follow as a 
sure result ; yet the cold weather excursions were very pleasant. Visits 
to the different catching stations, or to stray logs about the river, in 
order to note their positions, and give orders for their due removal, made 
pleasent breaks in this, otherwise quiet existence. 

The rates for labor and materials under this were — 

Rafting logs (labor only) per 100, 
Rs. 11, 13, 26, and 30, have been paid at times, dependent 
on nearness to Phillour or size of logs. 
Rafting sleepers per 10, 

Moonj rope for tying raft9, per maund of 80 lbs., 
Bhagghar rope for ditto, per maund of 80 lbs., . . • . 

Chooarees for guiding rafts, per 100, • . • • • • 

Bamboos for keeping logs together when in rafts, per 100, . . 
Boatmen, per month, .. .. •• . •• 
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About two annas (slightly under) per cubic foot has been the average 
cost for catching and rafting onr timber up to date, which sum also 
includes the cost for supervision, purchase of materials, and all charges 
that have been incurred for this purpose. I should have been very glad 
to have presented this information in a more detailed manner, separating 
the labor from supervision, &c, but the particulars of the first two 
season's expenditure having only been supplied to me by our Chief Office 
in an abstract form, I am prevented from doing so. 

Total Out-turn. — From the details of each forest, it is calculated that 
894,389 cubic feet of timber had on May 81st, 1871, been launched from 
them. The total expenditure for supervision, &c, (to the 31st May, 
1871) was as follows :— 

BS. A. P. 
Purchase money, ... ••• ... ... 67,000 

Seigniorage to the Rajah, ... ... ... 28,000 

Office expenses (includes Commission for Cash Remittances), 8,476 15 10 
Salary Account, ... ... ... 

Trarelling Allowances, ... ... ... 

Native Establishment, 

Medical Expenses, ... ... ... • 

Purchase of Tools and Materials, ... ... 

„ „ Blasting Powder, ... ... ., 

Carriage of Materials, 

Bungalows, Stores, Hats and Powder Magazine, 

Wangtu and Kilba Mule Road, ... ... .. 

Loss on provisions, &c, ... 
Law Expenses, ... 
Bad debts, 
Sweeping the Sutlej, 

Total Rs., , 

From this has to he deducted the proportions to he recovered from Mr. 

Arratoon, and waif logs amounting to Rs. 85,448, leaving Rs. 278,742-2-9 

to he divided over the out-turn of the forest logs, being an average of 5 

annas per foot cube for supervision, as the charges for putting it into the 

river to he added to the forest labor charges above detailed for each 

forest. That it is excessive, I admit, but the difficulty of procuring labor 

in sufficient quantity to carry out the work to a speedy termination is the 

principal, through not sole cause for it ; the other being the necessity of 

keeping up an extra establishment owing to the diffused positions of the 

forests, and last, but least, the delay occasioned by the Kamni Forest. 
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List of trees and plants mentioned or this article. 



Kunawuree Name. 


Botanical Name. 


Bngttih Name. 


Bhagghar. 


• • 


• • 


Andropogon inYolatns. 




Breekche. 


.. 


• • 


Qaercne Box. 


Holly leaved Oak. 


Chooaree. 


• • 


•• 


Bainbnsa arandinacea. 


Small Bamboo. 


Kakkar. 


• • 


• • 


Pistacia Integerrima. 


Pistacia. 


Kaahin. 


• • 


• • 


Rhus Bnckiamela. 


Sumach. 


Kelmung. 


• • 


.. 


Cedrns Deodara. 


Himalayan Cedar. 


Koonch. 


•• 


• • 


Alnns Nipalensis, 


Alder. 


Lanr. .. 






Acer cultratam. 


Maple. 


Lim. 


• • 


• • 


Pinus Excelsa, 


Lofty Pine. 


Monro. 


• • 


• • 


Qnercna dilatata. 


Oak. 


Moonj. 


• • 


• • 


Sacchanim Munja and Eriophorum 
Comosom. 




BaL .. 






Abies Smithiana. 


Himalayan Spruce. 


8hko... 






Ulmns campestris. 


~B1m- 


8oah. .. 


• • 


• • 


Morns Serrata, 


Himalayan Mulberry. 


Span... 




.. 


Picea Webbiana. 


Himalayan SilTer Fir. 



J. p. p. 
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No. XXXIX. 
DALHOUSIE CHURCH. 

[Vide Photograph and Plate No*. 33, 34 and 35.] 



Designed and communicated By W. Purdon, Esq., M. Inst. C.E, 
F.G.S., and Superintending Engineer. 



The following is the Specification and Abstract of Estimated Cost of a 
Church about to be executed at the Hill Sanitarium of Dalhousie in the 
Punjab; drawings of which are given in the accompanying plates. 

Specifioatiow. 

Excavation of Site.— The site chosen for the Church is the "Lohally 
Gully," on the neck between the Tera and Bukrata hills, and on a small 
spur of the latter. The stone excavated to be stacked on the site, and the 
earth to be thrown down the kbud along-side the Post Office. 

Concrete. — Under all the walls a 2-feet layer of concrete to be given, 
and under the floor a 1-foot layer, under the lower the concrete to be 8 feet ; 
the concrete to be composed of 1 part stone lime, 1 part sand, 1 part 
soorkhee, and 4 parts broken stone, and to be put down in 6-inch layers, 
each layer to be well consolidated before the next. 

Ornamental stone work. — To consist of the sand stone found near 
Mamool, laid in fine lime mortar, and dressed as shown in the accompany-, 
ing plan. A bond above the plinth, a portion of the buttresses, exterior 
pillars and mouldings to all windows and panels, string course to upper 

VOL. I.— SECOND 8ERIES. 3 A 
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windows and upper cornice all round, interior cornice, pillars and arch 
mouldings, all to be of ornamental stone work. The stone at first to be 
only approximately cat and finished, afterwards as funds permit. 

Foundation masonry.— To consist of the bine slate stone found at Dal- 
honsie, laid in lime, one part sand, and one part soorkhee, only fair sized 
stones to be used, and no filling in to be allowed with chips. 

Plinth masonry. — Same as foundation, only the points to be finer, and 
care to be taken to have the stone laid in regular courses. 

Superstructure masonry. — Same as plinth. 

Flooring.— To consist of lozenge shaped slate, and sand stone alter- 
nately, or laid in some ornamental pattern in fine lime mortar. 

Door*.— To be all sound seasoned Deodar wood, with massive chowkuts 
and frame-work, the whole to be varnished and furnished with strong 
ornamental hinges. 

Windows.— To have strong seasoned Deodar wood chowkuts, the panes 
of glass all to be lozenge shaped. 

Roof Covering. — 16" x 10" slates to be used, laid with a § lap, and 
nailed to battens with two nails to each slate, the nails to be either of 
zinc or galvanized iron, zinc sheeting to be given at ridges and valleys. 

Roof Timber. — To be of sound seasoned Deodar, all exposed surfaces to 
to be fine dressed and varnished, for detail of measurements, see Plate 
XXXV. 

Plastering.— All the interior of the building to be pucka plastered, 
plaster to consist of one part fine sifted lime, one of soorkhee, with pro- 
portions of charcoal, gum and white of eggs with powdered mica. 

Pointing.— The whole of the outside faces of the masonry to have the 
joints and courses drawn, and nicely finished with fine lime mortar. 

Seats, Communion Table and Chairs. — To be of the best well seasoned 
Deodar varnished. 

Cast Iron Ridge. — To run along the top of the building £-inch thick. 

Pulpit, Font and Reading Desk. — To be of cut sand stone from Mamool. 



Digitized by VjOOQ IC 



JL 



PLATE ZIIUl. 



Digitized byCjOOQlC 



Digitized by VjOOQLC 



PLATE XXXIV. 



DALH0US1E CHURCH. 
GROUND PLAN. 
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AB8TACT OP E8TIMATE. 



c ft. 




RS. 


300,000 


Excavation of site, at Us. 8-8, .... 


2,550 


0,315 


Concrete under foundations, at Rs. 12, 


758 


2,574 


Foundation masonry, at Rs. 32, ... 


824 


1,528 


Plinth masonry, at Rs. 84, .... 


520 


13,772 


Superstructure masonry, at Rs. 36, . 


4,958 


6,616 


Ornamental stone work, at Rs. 1, 


5,616 


8. ft. 






2,158 


Flooring, at Rs. 0-8-0, 


1,079 


114 


Doors, at Rs. 2, 


228 


487 


Windows, at Rs, 1-12-0, 


852 


4,408 
eft. 
1,029 


Roof covering, at Rs. 80, 


1,822 


Roof Timber, at Rs. 2-8-0, .... 


2,573 


mds. 






14J 


Cast Iron Ridge, at Rs. 12, . . 


171 


8. ft 






<5,925 


Painting, at Rs. 5-8-0, 


380 


C,318 


Plastering, at Rs. 12, 


758 


32 


Scats, at Rs. 80, 


960 


1 


Pulpit, at Rs. 200, 


200 


1 


Reading Desk, at Rs. 50, 


50 


1 


Font, at Rs. 150, 


150 


1 


Communion Table, at Rs. 60, ... 


60 


2 


Chairs, at Rs. 25, . . . 


50 




Total, 


24,056 




Contingencies at 5 per cent, 


1,201 



Grand total Estimate, 



25,260 
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No. XL. 



INDIAN TIMBER TREES. 



By Major A. M. Lang, R.E., 



The following lists contain the names of the most important trees in 
India, deserving the attention of the Engineer, either as furnishing 
timber to the carpenter and builder, wood for ornamental turnery, fuel 
for brick burning, sleepers for railways, or material for other purposes con- 
nected with Engineering works. A work of this description is of course 
no place for complete lists of all forest and other trees, and for botanical 
descriptions : which could not be given within the limits of a few pages, 
or even of a single volume. 

For fuller details on such subjects, works specially devoted to Botany, 
forestry, &c, must be consulted : and Balfour's " Timber Trees of India; 
Cleghorn's " Forests and Gardens of South India ;" Skinner's "Indian and 
Burmah Timbers," may be advantageously referred to by those inter- 
ested in Indian Trees. 

But a brief list of the most important Indian trees, with co-efficients of 
weight, elasticity, &c, will be nseful to every Engineer in the country, 
and may appropriately be embodied for reference in this work. 

It will be observed that the first list contains the Botanical names, 
which only are of real value, and precise application. Local names are in 
general very vague, and not to be depended upon : nor are they of any 

Jfote.— Those lists and remarks haying just been written for Incorporation in the Section on Timber 
in the new (3rd) Edition of the 1st Volume of the Boorkee Treatise on Civil Engineering, and being 
•tUl hi type, the opportunity has been taken of publishing them also in the Professional Papers, as 
including a table of useful data for calculations on strength of different timbers in Engineering 
structures. [Ed.] 
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use beyond the limits of restricted areas. The same tree will be known 
by many different names over a tract of a few hundred square miles, and 
it would tax the best memory to retain all the Indian local names of only 
one or two trees, and correctly apply them to their own proper localities. 
Again, one local name may in one district refer to one tree, and in an- 
other district to a perfectly distinct plant. Thus the well-known name 
" Deodar " is applied in Cashmere, Huzara, Gurhwal and Kumaon to the 
Cedrus Deodara: in closely adjacent districts, (Koolloo and Kunawur,) to 
Cupressus torulosa ; and in another neighbouring tract (Chumba), to Juni- 
perua Excelsa. The Botanical name on the contrary has a precise appli- 
cation to one species of plant alone, and this not only in oae country, but 
among all lands enjoying European civilization. Local names, however, 
are of course useful, and should be acquired by an Engineer in any district 
in which he may be employed. A list of a few such names follows the first 
" Botanical " list : but it must be remembered, that in many cases the 
identification of local names is very uncertain. English names are in- 
cluded in the " local " list ; although few (so called) " English " names of 
Indian trees exist : and in their case also there is great want of precision. 
For example "Poon" and " Ebony" are terms loosely applied to a large 
number of trees of many different " species," and even "orders," and as 
names serving any useful purpose of precise identification are really 
valueless. 

The numbers denoting weight, cohesive strength, &c, have been for the 
most part taken from the late Conductor Skinner's useful work on " Indian 
and Burman Timbers." The precise meaning of each separate expression 
in these formulas should be carefully realized, before using the formula.* 

W denotes the weight in lbs. of a cubic foot of seasoned wood. 

Ed is the co-efficient of elasticity as involved in Barlow's formula, 

where Eu is a constant for each kind of wood, derived from experiment, and 



« In using this vain© of Bd, it should be borne in mind, that the B (= Modulus of Elasticity) of 
Rankinc's and Stonoy's tables, (which coincides also with F of Molcsworth's elasticity tables) is 432 
Bd of this formula, while Barlow uses two separate values of B (Elasticity) ; In his first tables the 
B= 1728 Bd, and in the second tables, his B = M Bd. 

The modulus of rupture (/) of Rankine'B tables is = 18p. of these tables : while in Molcsworth's 
tables, the co-efficient of transverse strength is Zp. 

With these corrections, the values given in the tables alluded to, can be osed in these formula; 
and comparisons instituted between the values of the English and other woods entered in those 
tables, and the values for Indian woods herein given. 
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recorded in tables : L length in feet, b breadth and d depth both in inches, 
of a beam supported at the ends, and carrying at centre a weight W, in lbs. 

3 being the deflection at the centre in inches (say for timber ~ of the 

clear bearing.) 

ft is the constant for each wood denoting the direct cohesion in lbs. per 
6quare inch, and applicable to the formula, 

P = A/t 
where P is the weight in lbs., which would tear asunder a piece of 
timber whose transverse section has an area of A square inches. 

p is the constant of strength in lbs. for timbers subjected to cross 
strain ; and is applicable to the formula, 

Where P is the weight in lbs. at the centre, which would break a 
scantling supported at the ends having a clear bearing in feet = L, and a 
breadth = b, and depth = d both in inches. 

These equations are constantly in use, as .explained in the section on 
" Strength of Materials," in the Roorkce Treatise on Civil Engineering 
and the numbers given will be found useful for reference. Where more 
than one number is given for the same co-efficient, it will be understood 
that these are the results of different sets of experiments, carried out at 
different times and places, by different persons. In fact the same species 
of tree will furnish timber of very different quality, in different regions, 
and even in different parts of the same region: a fact which explains 
the extraordinary diversity in the statements, and opinions recorded by 
different competent and reliable observers : one authority describing a tree 
as lofty and furnishing large scantlings of fine timber : another alluding to 
it as a small tree supplying no timber of any size or use. So well known 
and valuable a tree as the Deodar will furnish an imperishable timber of 
immense scantling, if grown on some bleak northern granite slope of the 
inner Himalaya ; while a comparatively soft and inferior wood is pro- 
duced by the rapidly grown trees of moister forests on the lower slopes 
nearer the plains. It is advisable, therefore, for the Engineer to ascertain 
for himself the quality of each description of timber in the actual locality 
in which he himself is employed : to make experiments to determine its 
strength, &c, and bo careful to utilize each sort properly : not to waste on 
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some temporary structure a timber which may be a source of great value 
for some special purpose, while perhaps an inferior wood of no durability 
is being introduced in some important permanent building. As an ex- 
ample of this, Dr. Cleghorn relates how a small bridge, the total estimate 
of which was Rs. 250, was constructed of Poon spars, which while un- 
6uited for this purpose, would have realized a very large sum for the Dock- 
yards, where this timber is invaluable. 

It must be remembered that the Engineer is required not only to know 
the trees available in his district for providing timber, &c, for the pur- 
poses above indicated, but he may also have to plant avenues along roads 
and canals, and should acquaint himself with the trees best suited for such 
purposes, having regard to the nature of the soil, the amount of humidity, 
&c. In Northern India the best avenue trees, having green shady foliage 
almost throughout the year are, Nos. 4, 7, 18, 43, 54, 85, 86, 116 and 117, 
of the following list ; where the usual rain-fall is 25 inches, these trees 
will thrive with the aid of rain only, after having been raised in nurseries 
and transplanted at the commencement of the summer rains to their posi- 
tions at the road side, (where a " thala" should be prepared for each tree). 
Where, however, the rain-fall averages only 20 inches, it would be difficult 
to grow avenues of such trees without artificial irrigation, but the " kee- 
kar " might be successfully raised from seed sown in trenches where the 
trees are meant to remain. 

In general, avenue trees should be raised in small nurseries, where the 
ground should be broken up to 15 or 18 inches in depth, and improved 
with leaf manure ; the nursery being furnished with a well, if canal irriga- 
tion is not available. 
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LIST OF THE PRINCIPAL TREES IN INDIA. 

N B. — Drees marked ♦ grow within 50 miles of Jloorkee, JV. W. P., either indigenous or introduced. 
Na | w I Ed 1 /i I y H ~ 



Abies Smithiana. 
{Conifer a.) 



♦Acacia Arabica. 
(Lcguminosa.) 

54 I 4186 I 16815 I 884 
4111 876 



| 54 I 4186 I 16815 I I 
I I 4111 i I < 



3 ♦Acacia Catechu. 



5C 
GO 



tol 
I 



♦Acacia Elata, 
39 | 2926 | 9518 



I 39 | 



695 



Acacia Leucophljea 
55 | 4086 | 16288 | 861 
♦Acacia Modesta. 



7 ♦Acacia Speciosa. 



55 I 8502 I 
| 8532 | 



793 
532 



Acacia Stipulata. 
50 | 4474 | 21416 | 823 



9 Adenanthera Pavonina. 



(Legttminosa.) 

56 I 3103 | 17846 | 
55 



A lofty spruce fir of the N. W. Himalaya, dark and sombre, yet 
graceful with its symmetrical form and pendulous habit. It fur- 
nishes a white wood, easily split into planks ; but not esteemed as 
either strong or durable. It is used as ' shinglo' for roof cover- 
ings. 

This well known, yellow flowered, " babool ,, tree, is widely dis- 
tributed. It grows rapidly, requiring no water, and thriving on 
I poor soil, dry arid plains, black cotton soil, &c. It seldom attains 
a height of 40 feet, or 4 feet in girth . its wood is close-grained and 
tough ; of a pale red color inclining to brown. It can never be 
had of large size, and is generally crooked. Used for spokes, naves, 
and felloes of wheels, ploughshares, tent pegs. 
A widely distributed tree, with a heavy, close-grained, and brown- 
. ish red wood, of great strength and durability : employed for posts 
and uprights of houses, spear and sword handles, ploughs, pias 
' and treenails of cart-wheels. But the tree is rarely available for 
timber, being used for the extraction of catechu. 

A handsome lofty tree, suitable for avenues, and furnishing 
. logs 20 to 30 feet long, and from 5 to 6 feet in girth. Wood red, 
1 hard, strong, and very durable. Used in posts for buildings, and 
in cabinet work. 

This very thorny, white barked " keekur" is found in most parts 
. of India, and its timber in characteristics much resembles that of 
■ A. Arabica, and is used for the same purposes. 

The Phnlahi is a common, small, and characteristic tree of 
many parts of the Punjab, (as the Jullundur and Hoshyarpore 
districts.) It is well worthy of cultivation for timber in dry san- 
dy tracts of -country, and furnishes very hard and tough timber, 
fitted for making mills, &c 

The ' sirris' is a common tree throughout India, and with its 
rapid growth, its large head of handsome f ob'age and sweet scented 
flowers, is a good avenue tree. It grows to 40 or 50 feet in height 
and 5 to 6 feet in girth : the wood is said by some writers to be 
hard, strong, and dnrable, never warping or cracking, and to be 
used by the natives of South India for naves of wheels, pestles and 
mortars, and for many other pnrposes : but in Northern India it 
is held to be brittle, and fit only for such purposes as box planks ; 
and for firewood. 

This unarmed, pink-flowered acacia, one of the largest of the 
genus, is found from Dehra Dhoon to Travancore, and in Assam 
and Burmah. It furnishes large, strong, compact, stiff, fibrous, 
coarse-grained, reddish-brown timber, well suited for wheel naves, 
furniture, and house building. 

A large and handsome tree fonnd in most of the forests of In- 



I 56 I 3103 I 17846 I 863 I 
I 55 1 I I 1060 1 



10 AlLAKTHUS EXCELSA, 
(Simarubacea) 



dia and Burmah : though the timber does not enter the market 
in large quantities. The wood is strong, but not stiff : hard and 
dnrable, tolerably close and even-grained, and stands a good polish. 
When fresh cut it is of beautiful red coral color, with a frag- 
rance somewhat resembling " sandal" wood : after exposure it be- 
comes purple, like rose wood. It is used sometimes as sandnl 
wood : and is adapted for cabinet making purposes. 

This tree grows in Southern India, and is found also in 
Oudh, and other parts of Northern India, apparently as an in- 
troduced tree. It is a remarkably rapidly growing tree and con- 
sequently, though useful for avenues, &c, where shade giving 
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No- 1 W | Ed | /, 1 p | 



11 



22 

I 

is 



Albizzia Klata. 

(Lrgtimihoste.) 

42to| 
55 

Albizzia Stipulata. 

66 1 [ | 

Albizzia *//. 

46 | 4123 f 192G3[ 855 



trees are required to grow quickly, it does not furnish timber of 
any value. The wood is white, light and not durable ; and is 
used for scabbards, &c. 

Abundant on the banks of rivers in the Burmese plains. 

It is used by the Burmese for bridges and house posts : it has 

. a large porportton of sap wood, but the heart wood is hard and 

} durable : and in I>r. Brandts' opinion, the wood may eventually 

' become a valuable article of trade. 

Grows in forests on elevated ground in Burmah ; it has beauti- 

* fully streaked brown heart wood, which is much prized for cart 

■ wheels and bells for cattle. 

*' Kokoh " is the Burmese name for an AXbizxia; the wood of 

I ifi f 4 i9<t r lcjor-i \ ft-x i which is very much valued by the natives for cart wheels, oil 
j *o | *iza | w-w f too [ pre89es aQd canoQg It . g ft lofty tree ^ often hftying 60 feet Qf 

trunk before the fir*t branch is thrown of. 

I* Abtocarpus HIK8UTA. This large, handsome, shady tree grow* m Burmah and South 

{Artocar pacta.) east India. It yields the *anjely' wood of commerce, especial- 

I 40 l nw; I 1 ?i(Y7(\ 1 711 1 IT esteemed as a timber bearing submersion in water. It is dnra- 

f w 1 ojvo 1 lovw \ m J ^ au(J is mucb sou ^ ht after f(>r dock . yard8 a* aecond only to teak 

for shipbuilding : it is also used for house building, canoes, &c. 

15 'Artocabpub Intborifolia. The common 'jack fruit' tree, is of rapid growth, and reaches 

I 11 1 lAsn # ir±*>(\ i 7Q« 1 * ver J l* T i& 8 ke. It is found all over India, and is esteemed both 
I ** I wmu ( 104-u 1 /w J for itg frnit and timberj and wJth itg a^Qn^t dark folikge and 

numerous pendent . fruit is a handsome object Th$ wood when 
drv is brittle, and has a coarse and crooked grain. It is* however, 
suitable for some kinds of house carpentry and joinery ; tables, 
musical instruments, cabinet and marquetry work, &c. The wood 
when first cut is yellow, afterwards changing to various shades of 
brown. 4 

16 *ABTC>CARPU3 LacoooHa. The « monkey jack* wi(h its Orange colored fruit is found usuajft 

as a cultivated plant near houses in India and Burmah. | Tue' 
wood is .used in the latter com try for canoes : the fruit is eaten,* 
and a yellow dye is obtained frjom the root. 

An immense tree on the hills of British Burmah, having an 

• average length of trunk to the first branch, of 80 feet, and girth 

■ of 12 feet, 6 feet above ground. The timber is used for canoes 
and cart wheels. 

The beautiful and well-known • neera" tree, is common through- 
out India and Burmah, and is much esteemed for. ornament and 
shade. It grows in the stoniest soil. The wood is hard, fibrous, 
and durable, except from attacks of insects : is of a reddish 
brown color : and is used by the natives for agricultural and 
building purposes. It is difficult to work, but is worthy of at- 
tention for ornamental woodwork. Long beams are seldom ob- 
tainable ; but the short thick planks are in much reguest for doors 
and door frames of native bouses, on account 01 the fragrant 
odour of the wood. 
19 *BambU8A. There are many distinct species of bamboo, all of which are ap^ 

Elied to numerous useful purposes : bridge building, scaffolding, 
idders, water pipes, rafts, roofing, chairs, beds, &c. They are. of 
all sizes up to 60 feet in length, and 8 inches diameter. The bamboo 
is the most generally nseful of all the vegetable products of India, 
a^nd experiments seem to show that it is Stronger than any other 
Indian wood. It is Endogenous, being in reality a gigantic grass. 
fcO Babkingtonia ACUTAN- . A large tree common fc> India generally and Burmah : 80 feet 

high ; 4 feet in girth ; flowers red. The wood of a beautifully 
red color, tough and strong, with a fine grain and susceptible of 
good polish. It is used in making carts, and is in great request 
by cabinet makers. 
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17 Artocarpub MoLLia 
I 30| I I 
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+AZADARACHTA INDICA. 
(Meliaccus.) 



50 13183 I 17450 
I *672 J 



♦Bambusa. 
{Qruminucca.) 

(Plains) I 2801 
(Hills) J 5t35 



720 1 
732 I 



6801 
970 



BABBINGTONIA ACUTAN 
OULA. 
{Myrtacece.) 



I 56 I 4006 J 19560 | 863 | 

21 Babringtonia Racrmoba. * This tree is a native of Southern India, the Moluccas, &c. 
I 56 I 3845 I 17705 | 819 | and when in blossom is showy with its large rose-colored flowers. 

VOL. I. — SKCOND 8KRIK8. 3 B 



Digitized by VjOOQ IC 



426 



INDIAN TIMBER TREES. 



No. | W 1 Ed | ft | P | 



22 +BA8SIA Latifolia. 

(Sapotacce.) 

| 66 | 3420 | 20070 [ 760 

23 Bassia Lonoifolia. 

| 60 | 3174 | 15070 | 730 

24 *Bauhinia Vabiegata. 

{Legtiminosce.) 

25 Bauhinia Vahlii. 



26 Bbrbta Ammonilul 
(JTHiacea.) 

| 60 | 3836 | 26704 | 784 



27 Bbtula Bhojputra. 



28 BlOHONIA CHELONOIDK8. 
(bignoniactt.) 

| 48 | 2804 | 16657 | 642 | 



29 Biononia Stipulata. 
I 64 | 5033 | 28998 | 1386 | 

30 *Bombax Heptaphyllum. 

(Bombacccr.) 

| | 2225 | 6951 | 678 | 



31 BORAS8U8 FLA BELLI FOR- 
MI& 

(Palmacea.) 
| 65 | 4904 ] 11898 | 944 



The wood is lighter colored, and close-grained, but of less 
strength than that of the last named species. It is used for house- 
building, and cart framing, and has been employed for railway 
Bleepers. 

The " Mahwah" a well known Indian tree is in most districts 
preserved for its large fleshy flowers which are eaten and nsed in 
distilling arrack. The wood is, however, sometimes nsed for doors 
and windows and furniture : but it is said to be eagerly devoured 
by white ants. 

A common tree in Southern and Central India, esteemed for 
its edible flower and fruit, and the oil extracted from its seeds. 
For these reasons it is not commonly considered a timber tree, 
though in Malabar where it attains a large size, it is nsed for 
spars, and is considered nearly equal to teak though smaller. 

This and other species of the genus are valuable, not for their 
timber, but as ornamental trees for avenues, &c, having beantiful 
conspicuous flowers : the centre wood is hard and dark like ebony, 
but seldom large enough for building purposes. 

Some species of Bauhinia are scandent plants : and among the 
largest of these is the •* Elephant Creeper " (a name applied also 
to Argyreia nervosa) which destroys hundreds of valuable timber 
trees in the Sal Forests of Northern India, where one of the most 
arduous duties of the forest department is the eradication of these 
gigantic creepers whose cable like stems form festoons from tree 
to tree. 

' Trincomallie ' w«>od is indigenous to Ceylon whence large 
quantities are annually imported into India ; but the tree has also 
been introduced into South India. It is the most valuable wood 
in Ceylon for naval purposes : and furnishes the material of the 
Madras Masoola Boats : it is considered the best wood for capstan 
bars, cross trees, and fishes for masts. It is light, strong and flexi- 
ble, and takes the place of Ask in Southern India for shafts, 
helves, &c 

This is the best known of the Himalayan birches, and is valua- 
ble for its abundant loose bark used as paper, and for lining 
baskets, hookah tubes, &c. : also as a layer over the planking 
for roofs to receive the tiles or terrace in the native houses in 
Tibet, &c. 

This tree with its large fragrant, brownish orange colored 
flowers, is considered sacred by the Hindoos, and is consequent- 
ly not largely available as timber. The wood is highly col- 
ored, orange yellow, hard and durable : a good fancy wood and 
suitable for house building. It is found in Southern India and 
Assam. 

A flowering tree of the Tenasserim forests which furnishes loss 
18 feet in length, and 4 feet in girth, with strong, fibrous elastic 
timber, resembling Teak, nsed in house building, and for bows and 
spear handles. This is one of the strongest, densest, and most 
valuable of $he Burman woods. 

The large and stately Bed •* Cotton" tree is widelv distributed 
throughout India and Barman. Its light loose-grained wood is 
valueless as timber, but is extensively used for packing cases, tea 
chests, and camel .trunks : and as it does not rot in water, it is 
nseful for stakes in Canal banks, && It is a rapidly growing 
tree, and long planks three feet in width can be obtained from 
old trees. 

The •• Palmyra palm " is inferior only to the Date and Cocoanut 
palms to the natives of Asia. The sap furnishes Toddy, the seeds 
are eaten, the leaves are used for thatching, mats, baskets, and for 
writing upon : while the timber, which is very durable and of 
great strength to sustain cross strain, is used for rafters, joists and 
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Bbiedelta Spinosa. 
{Eupkoiblacce.) 

60 I 4132 | 14801 | 892 | 

•BUTBA FRONDOSA. 
(Leyu/Hinosa.) 



Buxus Nbpalensis. 
( Eupkorbiacetg. ) 



Byttneria Sp. 
( Byttucritu em. ) 



1640 | 



battens. The trees have however to attain a considerable age, 
before they are tit for timber. 

A large tree of Central and Southern India, with strong, tongh 

durable, close-grained wood, of a copper color, which, however, is 

I not easily worked. It is employed by the natives for cart build- 

' ing and house beams : and is also used for railway sleepers. It 

lasts well under water, and is consequently used for well curbs. 

The * dkak* tree, with its brilliant scarlet, blossoms, is widely 
distributed throughout India, and often forms large tracts of low 
forest* The wood is generally small or gnarled, and used only 
for firewood. In Guzerat, however, it is extensively used for 
honse purposes ; and deemed durable and strong. The flowers 
give a bright yellow dye. 

The Himalayan box, which is found in the North West Hima- 
layas, but no where abundantly, furnishes a very valuable wood 
for wood engraving-; but not equal in closeness and grain, or 
hardness, to " Turkey" or European box. It can, however, be used 
for all but the finest wood engraving, and is largely employed 
for this purpose at the Thomasou C. E. College, at lloorkee. 

This tree is abundant in Tenasserim, and furnishes a wood 

of great elastici ty and strength, invaluable for gun carriages. It is 

03 | 4281 | 2(1571 | 1012 | used by the Burmese for axles, cart poles, and spear handles. 

Cksalpinia Sappan. This tree is widely distributed through South-Eastern Asia, 

and is an important article of commerce ; but from its value as a 

I dye-wood, it is not available as timber : though it is admirably 

' adapted for ornamental work, being of a beautiful * flame' color, 

with a smooth glassy surface, easily worked, and neither warping 

nor cracking. 

There are many species of this genus, furnishing the rattan 
canes of commerce which are used for ** caning" chairs, light 
carriages, &c To the Engineer they furnish materials for sus- 
pension bridges of considerable span : the natives of the Kbasia 
hills make single spans of 800 feet with these strong and flexible 
canes. 
CALOPHTLLUH Augubti- This is one of the trees furnishing the valuable ' Peon' spars : 
folium. used in ship building. The trees are becoming scarce on the 

( GuttiferoB.) Malabar Ghats, and should be conserved. Drs. Roxburgh, Gi bson, 

xn t 9Qii i isftAi. i no i ftr, d Cleghorn concur in stating that C. Augustifolium furnishes 
45 | ^4* | looo* | uiz | ^ P(Mjn 8pars ^ ^n,^^ . bufc a laophylium also, as well as 

Caiytacciott angusti/olia, Dlllenia veutagyna, and Sterculia fat- 

Hda also furnish timber often termed Pooti. 
A tree of Pegu and Maulmein, furnishing a red wood, excellent 

for masts, helves, &c., and also (when well cleaned and polished) 
I for furniture : but it does not appear to be abundant. The timber 
' of this tree is sometimes termed " Bed Poon." 

This tree grows in most parts of India of a good size, and 

furnishes a tenacious and durable wood, which admits of a fine 
I polish. It does not, however, appear to be much used as timber 
' except in Pegu, where it grows to a very large size, and is the 
1 chict material of which the carts of the country are made, and the 

red wood is esteemed equivalent to Mahogany. It is useful as a 

shady avenue tree. 

This fir-like tree, imported from Tenasserim, is common now in 

most parts of India, in avenues, gardens, &c. It thrives best in 

i kz i AA7A i **aqi« i ooo i w^dy t**cts t especially near the sea. It yields a strong, fibrous 
| 55 | 447* j iOS87 | WO | ftnd gtiff ^ mher of a ^^^ brown ^i^ Xt g,.^ ^th great 

rapidity : and is admirably fitted for stakes in Canals, &c, 

42 *Cath artocabpus Fistula. This is an ornamental tree for avenues, and gardens, scarcely to 

(LegumiHOSx.) be surpassed in beauty when covered with scented masses of yel- 

i i, I otto i \vrt\- i air I low l^ndulous blossom. It is found all over Southern Asia, but 

| 41 | <u*» | i77Uo | 040 | gem , rtt ii v a» » small tree, whos^ close-grained, mottled, dark brown 
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(Lt/juiHinosa.) 
60 I 471)0 I 22578 I 



Calamus. 
(Palauicect.) 



CALOPH YLLUM LONGI- 
FOUUM. 

45 | 8491 | 16388 | 546 | 

♦Carkta Abbobea. 
( JJarri nytouiacea.) 

50 | 3255 | 14803 | 870 | 
56 j J 1 675 | 



41 *Cabuabina Muricata. 
(Ca$uorina coa.) 
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44 



•Cedbbla Toona. 
(Ccdrelucea.) 

31 I 2681 I 9000 | 560 
I 3568 | | 

CSDBU8 DEODABA. 
( Conifer*.) 





35155 




456' 




3205 




586 




3925 




517 
655 



45 CHICKBA86IA TABULABI& 



(Cedrelacea.) 
| 42 I 2876 | 9943 | 



GUI 



46 



CHLOBOXLON 8WIETBNIA. 
(Ctdrelacpa.) 

60 | 4163 | 11369 | 870 | 



47 



I 701 



COC08 NUCIFBBA. 
(Palmacea.) 

70 | 3605 | 9150| 



wood is suited for furniture : in Malabar, however, it grows large 
enough to be used for spars of native boats. 

The ** Toon " is a valuable tree found throughout India, and 
yields a wood extensively used by furniture and cabinet makers; 
which though not strong, is light, aromatic close grained, beauti- 
fully veined, easily worked, and susceptible of a high polish. 

This handsome tree of the North West Himalaya furnishes a 
fragrant, almost imperishable, timber of great value in roof and 
bridge building, and for railway sleepers. It is considered to be 
identical with the cedar of Lebanon. It is the most valuable 
timber of the Himalayas, where it grows in large forests. The 
appearance of the tree and value of the timber vary much with 
the soil, and asj>ect of the place where it is grown. 

This is one of the trees named in commerce " Chittagong" wood 
though occurring also in Burmah, Southern India and Eastern 
Bengal. The wood resembles " Toon*' in appearance and aroma, 
but is more strong and tough, though very liable to warp ; it is 
used as * Mahogany* by cabinet makers. 

This tree of Southern India and Ceylon, produces a beautifnl 
yellow wood somewhat resembling ' box* and known as Satin 
wood : it is well adapted for ornamental decoration, and for pic- 
ture frames is nearl^ equal to American maple. Logs up to 18 
feet long and 6 feet in girth are obtainable in Madras. It is a 
hard and durable wood, used for posts and rafters, agricultural 
implements, and wheel naves. 

The *• Gocoanut palm " widely distributed through Southern In- 
dia and the Eastern Archipelago, is one of the most valuable of 
trees, chiefly esteemed for its nut. but furnishing also a very hard 
and durable wood, fitted for ridge poles, rafters, battens, posts, 
pipes, boats, &c. It grows from 40 to 100 feet high, and 2 to 4 
feet mean girth, and thrives best near the sea. 

A large tree plentiful in the Burmese forests, with heavy, 
strong white timber, adapted to everv purpose of house building. 

49 Conocabpus ACUMINATUM A large timber tree of Southern India and Burmah, where it 

(Combretacea.) reaches a height of 80 feet before the first branch, and a girth of 

i cm io-oi or^oo i Qon i 12 feet at 6 feet above ground. The heart wood is reddish brown, 
| 69 | 43oi I M>W | ew | hani and durab i e . UBtd for houfle and ^rt building. If exposed 

to water it soon decays. 

50 *Conocabpus Latifqlius. This is an equally large tree as the preceding : but it is more 
1220 I ^"fcly distributed, occurring in Northern India, and in the Dehrs 

• • I Dhoon. It furnishes a hard durable chocolate colored wood, 
very strong in sustaining cross strain. In Nagpore 20,000 axle 
trees are annually made from this wood. It is well suited for car- 
riage Bhaf ts. 

This is a handsome lofty tree of the North West Himalaya ; 
but is not at all abundant : and being esteemed as sacred (and 
termed ' dewadara' (deodar) or " god timber" in some hill states) 
it is not felled or made generally available as timber, though 
very well suited for this purpose. 

This tree is distributed throughout India, but reaches perfec- 
tion on the Malabar coast It is perhaps the most valuable tree 

pi 9 I of the Madras presidency, furnishing the well known Malabar 
- J blwkwood. The trunk sometimes measures 15 feet in girth, and 
planks 4 feet broad are often procurable, after the outside white 
wood has been removed. It is used for all sorts of furniture, and 
is especially valued in gun carriage manufacture. 
63 *pALBEBGIA OOJKHCENSIS. A tree 30 feet high, growing in the valleys of the Himalaya, iq 

Oudh, on the Godavery, and in Bombay. The centre timber is 
dark, of great strength and toughness, especially adapted for cart 
wheels, and ploughs. 
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OONVABUS SPECIOSA. 
(Contiaracea.) 



51 



6$ | 5039 | 21155 | 



CU7BE88UQ TOBULOSA. 
(Conifer*.) 

I I I 



52 Dalbbboia Latifolia. 
(JLeguminoue.) 

| 50 | 40$3 | 20283 | 
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+DALBERGIA. S 1 8600. There is scarcely a tree in India which deserves more attention 

50 ' 402° I °1°r>7 I 807 I ^ >an ^ e ** MOO » taking into account its beauty and uses, and its 
I 3316 { J2072 ~ " ' S ~~ U "~ ~~ ~" " "' f " " " J *~ ~"~~ -*"*— 



706 ra P^ growth in every soil It is said to attain perfection in 28 
' rears. It is widely spend through Northern and Central India, and 
is more used than any tree for avenues along roads and Canals, 
and for planting in Cantonments. It furnishes the Bengal Gun- 
carriage agencies with their best timber, and is the best of all 
Indian woods for joiner's work, tables, chairs and furniture. 

A stately and valuable forest tree of Southern India and 
Bormah, furnishing some of the poon spars of commerce. The 
wood is used in honse and ship building : being close-grained, 
tough, durable, (even under-ground,) of a reddish brown color, 
not easily worked, and subject to warp and crack. 
♦Dilleni A SPBCI08A. The Cfivfta is a large and ornamental tree of India and Burmah, 

45 I 3355 I l°69l I 7° I I w ^ ^* r &* fragrant white flowers, edible fruit, and light, strong, 
' I - I - I light brown wood of the same general characteristics with the pre- 



5£ DlLLBNIA PeXTAGYNA. 
(DiUemacecc.) 

| 70 | 3G50 | 17053 | 907 | 



56 

I 



ceding tree. It is used in house building and for gun stocks. 

The true Ebony tree grows in Ceylon and Southern India. 
This heart wood is deep black, the outer wood is white ; with 
advancing age the black wood increases. It is much affected by 
the weather, so that it is seldom used, except in veneer, and deli- 
cate and costly cabinet work. 

A middle sized tree of Ceylon and Coromande), famishing one 
of the Calamandcr woods of commerce, of a chocalate color, 
with black streaks and marks, esteemed for ornamental purposes : 
scarce and valuable. Obtainable in logs 12 feet long, 4 feet in 
girth. 
69 DI08PYBOS Mblonoxylon. This is a very large tree of South India and Pegu, furnishing a 
81 I fift^ft I 1587ft I 1180 I valuable wood for inlaying and ornamental turnery, the sap wood 
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DirsPYROS Ebenum. 
(Ebtnacta}.) 



D1O8PYBO8 HIB8UTA, 
60 J 4296 I 19830 | 757 



I 



I 5058 J 15873 I 



£0 DI08PYB08 TOMBSTOSA. 



51 DlPTEBOCABPUS ALATU8. 
( Dipterocarpacece. ) 



1 180 1 vaiUIUUO wuuu lur imaging uuu uniuiijcnuit burucry, i>uo sup wwu 

■ white, the heart wood even grained, heavy, close and black, stand- 
ing a high polish. 

This is the North Indian representative of the ebony-pro- 
dncing Southern forms of Dyospyros: occurring in Northern 
Bengal, Oudh, &c. ; a tall elegant tree, furnishing a hard and hea- 
vy black wood. The young trees are extensively felled by the 
natives as cart axles, for which they are well suited from their 
toughness and strength. 
A magnificent forest tree of Pegu and the Straits, rising 250 feet 
in height, and 1 00 feet to the first branch. The timber is excelleat 
I 4^1 3247 I 18781 750 I * or cvery purpose of honse building, but if exposed to moisture 
I 40 1 wki 1 IB* 01 J ou J -g nofc durable . j t j 8 narc j an( j coarse-grained, with a powerful odour, 
and of light brown color. It furnishes wood oil. 
62 DlPTEBOCABPUS Tubbi- This is another lofty wood oil tree of Assam and Burmah, and 
NAT us. the Andamans, with a coarse-grained timber of a light brown color, 

I not easily worked, and not durable. It is used by the natives for 
house building, in sawn planks, which will not stand exposure 
and moisture. 
♦Em blica Officinalis. The tree producing the Myrobalan fruit, is distributed through- 
out India, furnishing a hard and durable wood, used for gun 
stocks, furniture, boxes and veneering and turning : it is suitable 
for well curbs, as it does not decay under water. 

A common tree throughout India and Burmah, with a profusion 
of brilliant scarlet blossoms, whence it is called the " Coral" tree : 
it furnishes a soft, white, easily worked wood, being light, bnt of 
no strength, and eagerly attacked by white ants. It is used for 
scabbards, toys, light boxes and trays, && It grows very quickly 
from cuttings. 

This is not an Indian genus, bnt many species are now being 
naturalized in both the Hills and plains of India, imported from 
Australia. Sufficient time has not yet elapsed to establish the va- 
lue of the " Bine gum" and other Eucalypti when grown in India. 
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•Ebythbina Indica. 
(Leguminous.) 



♦EUCALYPTUa 

(Myrtaceat.) 
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66 *Fbkonia Klephantum. 
(Aurantiuce*,) 

| 50 | 3248 | 13009 | 645 



67 # Ficus Elastica. 
(J&oracea.) 



68 +Ficus Glombrata. 

I 40 I 2113 I 12691 I 588 
I 2096 J 

69 *FlCU8 IXDICA. 

| 36 | 2876 | 9157 | 600 



70 'Ficus Relioiosa. 

| 34 I 2454 I 7535 I 584 
I 2371 j J 458 

71 *Gmelina Arbors a. 

( Verbewcea.) 

| 35 | 2132 | | 



72 (a) •Grewia Elastica. 
(p) Gekwia Tilicbfolia. 

( Tiliacea.) 

| 34 | 2876 | 17450 | 565 | 

73 Gdatteria Longifolia. 

(Anonaceat.) 

| 87 | 2860 | 14720 | 547 | 

74 Hardwickia Binata. 

{Leguminotas.) 

| 85 | 4579 | 12016 | 942 | 

75 Hbritibra Minor. 
(Sterculiacece.) 

I 64 | 3775 I 29112 I 816 

4677 1312 

II | 925 

76 Hopba Odorata. 

(Dijjttraccae.) 
| 58 1 I I 800 

| 45 j 3660 I 22209 | 706 

77 *Inoa Lucida. 

(Lcguminotoc.) 



The tall Wood apple tree is widely diffused throughout India, 
both wild and in gardens and groves : the pulp of the large, hard 
. shelled fruit is eaten : and the bark furnishes a large quantity of 
1 clear white gum known as " East India Gum Arabic" It has 
a yellow colored, hard, and compact wood used by the natives in 
house and cart building ; and in some places employed as Railway 
Sleepers. 

The Caoutchouc fig tree grows on the Hills of Assam and 
Silhet, but is to be found as an imported tree in other parts of 
India. The milky juice is extracted by incisions across the bark 
down to the wood : 50oss. of the juice furnish 15ozs. of Caout- 
chouc 

The Cooler is a wide spreading shady tree, producing great nam- 
I hers of small red figs growing in clusters on the brandies. The 
1 wood is light, tough, coarse-grained, and brittle It is used for door 
panels, and being very durable under water, for well-curbs. 

The well known •' Banyan" or " Bur" is one of the common- 
est trees of India. Its wood is brown colored, light, brittle and 
coarse-grained, neither strong, or durable (except under water, for 
which cause it is used for well curbs.) The wood however of its 
pendent aerial roots is strong and tough, and used for yokes, tent 
poles, &c 

The PetptU is as widely spread and well known as the banyan, 
and with it is planted near temples and tombs, and in sacred 
groves. The wood is similar in appearance, characteristics and 
uses to that of the Banyan. 

A large forest tree of Central and Southern India and Barman: 
a suitable tree for avenues from its size, straightness, and hand- 
some flowers. It has a pale yellow wood, light, easily worked, 
not shrinking or warping, strong and durable, especially under 
water : it is however readily attacked by white ants : used for 
furniture, carriage panels, palkees, &c In Barman used for peats 
and house building generally. 

In some parts of India these trees are said to reach a large sise, 
but the wood generally is procured in small scantlings, suitable for 
spear shafts, carriage and dooly poles, bows, and tool handles, for 
which it is admirably adapted being light, soft, flexible and fibrous, 
resembling lance wood or hickory. 

This handsome erect tree with beautiful foliage and dark shade, 
is much grown as an ornamental avenue tree in Southern India. 
The wood is very light and flexible, but is not used except for 
drum cylinders. 

An elegant, tall and erect tree of Central and Southern India, 
furnishing a red or dark colored, very hard, very strong and 
heavy wood, useful for posts, pillars, and piles : and excellent also 
for ornamental turnery. 

This peculiar, gloomy looking, tree, known in Bengal as the 
** Soondree," grows on tracts occasionally inundated by the tides in 
Tenasserim and the Gangetic Delta, (giving their name to the 
Soonderbunds.) It is the toughest wood that has been tested in 
India, and stands without a rival in strength, and is used for 
piles, naves, felloes, spokes, and carriage shafts and poles. It is 
now ever a perishable wood, and shrinks much in seasoning. 

One of the finest timber trees of British Bnrmah, sometimes 
reaching 80 feet in height to the first branch, and 12 feet in 
girth: a large boat of 8 feet beam and carrying 4 tons, being some- 
times made of a single scooped-out trunk. The wood is close 
even grained, of a light brown color. 

A very fine and rapid growing timber tree from Southern 
India, Burmah, Assam, Nepaul, &c, growing to a great height, 
with sweet scented blossoms, and magnificent, shady, foliage : 
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78 



lNGA XYLOCABPA. 
| 58 | 42i« | 1GC57 | 836 | ; 



79 



well suited for avennes. The heart wood ia black, and is termed 
Iron wood in Barman, 

This valuable timber tree known as the Iron wood of Arraean 
is fonnd throughout Southern India and Burmah, furnishing a 
wood of very superior quality, heavy, hard, close-grained, and du- 
rable, and of a very dark red color . it is, however, "not easily work- 
ed np and resists nails. It is extensively used for bridge building, 
posts, piles, &&, and is a good wood for sleepers, lasting (when 
judiciously selected, and thoroughly seasoned) for six years. 

The Walnut is abundant in the villages of the N. W. Himalaya, 
and its beautiful wood is used for all sorts of furniture and ca- 
binet work in the bazaars of the Hill Stations. 
80 +LAGERSTRAEMIA Regincb. This is a most beautiful flowering tree from South India, Burmah 

and Assam, but introduced into the gardens of North India for 
the beauty of its luxuriant purple blossoms. In Burmah it 
grows to a large tree, and the wood is used more extensively than 
any other, except Teak, for boat, cart, and house building, and in 
the Madras gun carriage manufactory, for felloes, naves, framings 
of waggons, &c. 

The Mango is generally diffused over all the warmer parts 
of Asia, and is much esteemed for its fruit Its wood, however, is 
of inferior quality, coarse and open grained, of a deep gray 
color, decaying if exposed to wet, and greedily eaten by white 
ants. It is, however, largely used, being plentiful and cheap, for 
common doors and doorposts, boards and furniture, and also for 
firewood. It should never be used for beams, as it is liable to 
snap off short 

The Varnish tree of Burmah forms large forests in conjunction 
with Teak and Sal, and furnishes a dark-red, hard, heavy, close 
and even-grained and durable (but brittle) timber, useful for helves, 



JUGLANS REGIA. 
(Jvylandacece.) 



(Lythrace*.*) 

40 | 3665 | 15388 | 
41 



637 
642 



81 



•Mangifera Indica. 
( Terebintkacta.) 

42 I 3710 | 9518 I 632 I 
3120 7702 560 



82 



Melanorhcea Ubita- 

TISSIMA. 
(Anafiardiacece.) 



83 



61 j 8016 | 



84 



♦Melia Azadabach. 
(JMeliacat.) 

30 | 2516 | 14277 | 596 | 



♦MlCHELIA CHAMPACA. 
{Magnoliacea.) 

«i i i 



| 514 | sheave blocks, machinery, railway sleepers, &c. 



The " Persian Lilac" of India which grows throughout China, 
India, Syria, &c, is ornamental when in full foliage, and covered 
I with Bweet scented lilac flowers : but it is deciduous, and bare 
' of leaves for many months, showing then only its bunches of yellow 
* beads'; so that it is not altogether desirable as an avenue tree, 
though very much planted for this purpose. The soft, red colored, 
loose textured wood (resembling in appearance cedar) is used 
only for light furniture. 

A fine timber tree with handsome foliage and flowers. In the 

Dehra Dhoon it reaches 16 feet in girth. In Mysore, trees measur- 

| ing 50 feet in girth, 3 feet above ground level are found, and slabs 6 

feet in breadth can be obtained ; as the wood takes a beautiful 

polish, it makes handsome tallies : it is of a rich brown color. 

85 *Millingtonia HORTENSia A very handsome tree for avenues ; tall and straight, with 



(Bignoniacea). 



86 +M1MU8OPS Elengi. 

(Sapotace*.} 

I 61 I 8653 I 11369 | 632 

87 Mimusops Hexakdra. 

I 70 I 3948 I 19036 | 944 

88 Mimusops Indica. 

I 48 I 4296 I 28824 I 845 



graceful foliage and fragrant white flowers. It grows very ra- 
pidly, but is not long lived, and is easily injured by storms. The 
bark is soft and spongy ; the wood is white, fine and close-grained, 
but of little use. 

This is an ornamental, more than a nseful tree, grown in gar- 
dens and avenues throughout India and Burmah, for the beauty 
I of its foliage, and its fragrant white flowers. The wood is heavy, 
■ close and even-grained, of a pink color, standing a good polish : 
and is used for cabinet making purposes, and ordinary house 
building. 

This tree grows in South India and Guzerat, and furnishes wood 
I very similar to the last named, used for similar purposes ; and 
' for instruments, rulers, and other articles of turnery. 

This is a valuable tree of South India and Ceylon ; with a 
, coarse-grained, but strong fibrous durable wood of a reddish 
1 brown color 5 used for house building, and for gun stocks. 
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89 *MOBINGA PTKBYGOSPEBMA, 
(Moringacea.) 



90 *MORU8 iNDICA. 

(Alvracea.) 



91 Nauclea Cadumba. 
(Cinchona wot.) 



92 *Nauclea Cobdifolia. 

I 42 I 3052 I 10431 I 664 
I I 34U7 J | 506 

93 *Nauclea Pabvifloba. 

94 *ph<enix sylvkstbi& 

(Palmucect.) 
| 39 | 3313 | 8356 | 

95 Picea Webbiaka. 

(C<w«/er<e.) 

I »! I I 

96 PlNUH ExCELSA. 



97 *PlNU8 LONGIFOLIA. 



98 





4048 1 


609 




4668 


735 




3806 


594 




3672 J 1 


582 



99 



♦Pong ami a Glabua 
(LeguminoMt), 

40 j 3481 



•PBO8OPI8 SPICIGEBA. 
(Leg*tnino*a.) 



100 ♦PSIDIUM POMIFEBUM. 
(Myrtacea.) 

| 47 | 2676 | 13116 | 618 



A handsome tall tree, with shady foliage, and of rapid growth. 
The wood is white and soft ; and the scrapings from the root 
form a good substitute for the horse radish. 

This species of Mulberry. a« well as Morns JUuitieaulU n and 
M. Nigra, are common in Northern India : in some parts of 
the Punjab and Oudh being planted in connection with silk 
worm rearing. It is also grown in avenues, for which, however, 
it is unsnited, being for many months quite bare of leave*. The 
wood is yellow, close-grained, very tough, and well Bailed for 
turning. 

A noble ornamental tree of India and Burmah, with orange 
colored flowers : sometimes in the latter country, reaching 80 feet 
in height, and 12 feet in girth. It has a bard, deep yellow, loose- 
grained wood, used for furniture. In the Gwalior bazaars, it if 
the commonest buildiug timber, and is much used for rafters oa 
account of cheapness and lightness, but it is obtained there only in 
small scantlings. 

This is also a very large tree, with a soft close even-grained wood 
resembling in appearence Box, but light and more easily worked, 
and very susceptible to alternations of temperature. It is esteemed 
as an ornamental wood for cabinet purposes. 

A large flue timber tree : with a wood of fine grain easily work- 
I 400 I e< ^' U8€t * flooring planks, packing boxes and cabinet purposes ; 
' ' it is much used by the wood carvers of Saharunpore. 

This wild "date palm " is common all over India, and is valued 
for the * tfdtfy' extracted from it. The trunks are used for tempo- 
-, . rary bridges, revetment piling, and water conduits. The wood 
~ I is brown and cross-grained, and not very strong. 

The silver fir, of theN. W. Himalaya, grows at high altitudes, 
8000 to 12000 feet, in dark sombre forests: and reaches from 
. 1 00 to 200 feet in height, with very short straight lateral branches. 
' The wood is white, soft, easily split, and used as shingle for roof- 
ing, but is not generally valued as timber. 

A handsome lofty pine growing at altitudes of 6000 to 11000 in 
the N. W. Himalaya, and furnishing a resinous wood, much used 
for flambeaux : it is durable and close-grained ; much used for 
burning charcoal in the hills : and also for building. 

The long leaved ' Cheer 1 pine is the first of this genus obtained 
in ascending the Himalaya, growing from 2000 to 6000 feet alti- 
tude ; and being common and light, is largely used in house build- 
ing. It requires however to be protected from the weather, and is 
suitable for only interior work in honses. It grows well as au im- 
ported tree in the plains as low as Mcerut 

This tree grows all over India and Burmah, and is an excellent 
avenue tree, reaching in good soil a height of 40 feet, with dense 
11104 I 686 I ^ ar ^ ^ reeu 8ninin g foliage all the year round, which, however, 
* ' is apt to be much disfigured by numberless leaf-mining in- 

sects, ' blotching* the leaves, The wood is light, tough and fib- 
rous, but not easily worked, yellowish brown in color, not taking 
a smooth surface. Solid wheels are made from this wood : it 
is, however, chiefly used as firewood, and its boughs and leaves 
as manure. 

A fine timber tree, well suited for dry sandy soils, and furnishing 
a strong hard tough wood, easily worked. It grows in Mysore and 
Bombay, but thrives especially in Sindh, where it obtains a large 
sise. It is common also in the Jullundur Doab. 

The Guava is a well known fruit tree of South-Eastern Asia. 
It is a small tree, and furnishes a gray hard, tough, light, very 
flexible, but not strong wood : which is very close and fine grained, 
and easily and smoothly worked, so that it is fitted for Wood Ktf 
graving, and for handles of scientific and other instruments. 
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101 Ptebocabpus Dalber- 

GI0IDE9. 
(Leguminoga.) 
| 56 | 4180 | 19086 | 864 
49 934 

102 Ptebocabpus MAR- 

St PI UM. 



This large and handsome Padowk tree is a native of the An- 
daman and Burmese forests, and furnishes a red, Mahogany like 
timber, prized by the natives above all others for cart-wheels, and 
extensively used by Government in th« construction of ordnance 
carriages. 

This large and very beautiful tree is widely diffused, and yields 
one of the most abundant and useful timbers of Southern India, 



rc I 41 32 I 19943 I 868 I an ^ ^^ * ne vaman ' e 9 um &**<>' T° e wood is light brown, 
•I ' ' strong, and very durable, close-grained, but not easily worked : 

it is extensively used for cart foaming and house building, but 
should be protected from wet : it is also well fitted for railway 
sleepers. 
103 Pterocabpus Santalinus. The red sandal wood tree grows in the forests of South India. 
™ i AKdo . ioo9« i Q7K i * te w °°d w sold by weight as a dye wood, and exported to Eng- 
70 | 45W | 1SKM6 | 975 | lftnd Ifc . g hcay ^ extremely hard, with a fine grain, and is suit- 
able for turnery, being of a dark red color, and taking a good 
polish. 

A lofty, handsome, shady tree, suited for avenues : from South 
India, Assam and Burmah. It has a dark brown wood of great 
value, and as strong as teak : but its durability has not yetbeen 
tested. 

A large shady timber tree with straight, erect, trunk ; and 



I 



I 



104 



♦Pterospermum Aceri- 

FOLIUM. 
( Bytlneriacece.) 



105 *PUTRAKJIYA ROXBURGHII. 
( Euphorbia cect.) 



106 Quebcus. 






INCANA. 
, DlLATATA. 

, Srmicarpifolia. 
( Corylacea.') 



with wood white, close-grained, very hard, durable, and suited 
for turning. It grows along the foot of the Himalaya, and in 
Oudh, Assam, Sylhet and South India. 

Numerous species of Oak are found in the Himalayas, Sylhet 
and Malay Pcninsnla. The three marginally noted, form large 
forests in the N. YY\ Himalaya. Incana occurring from 5000 to 
9000 feet, and Semacarpifolia ascending to 12000 feet They 
are lofty trees, 80 to 100 feet in height, and furnish serviceable 
. timber : in Dr. Cleghorn's opinion somo of the best timber we have. 



I (\ 670 '^ 1C woo< * ' 8 neflv y nn( l f° r 2 years or more after felling, will not 
i W ' I float ; hence it has not found* its way to the plains by the rivers, 



107 Rhus Acuminata. 



108 Santalum Album, 
(Santalacea) 

| 58 | 3481 | 10461 | 



874 1 



111 



112 



as is the case with the pine woods. Q. Scmicarpifolia in color, 
and grain resembles the English oak. 

The ' Kukkur' of the N. VV. Himalaya, furnishes a wood much 
valued by cabinet makers for ornamental furniture. Planks 8 X 
2} feet can be obtained from some trees. 

This is the true Sandal wood, and is found abundantly in My- 
sore. It grows throughout Southern India, Assam, Cochin China, 
&c, and is sold by weight to be burned as a perfume. It is also 
valued for making work boxes, and small articles of ornament : 
and for wardrobe boxes, &c, where its agreeable odour is a 
preventive against insects. 

The Sonpnut tree is common to India and Burmah : a handsome 

tree 80 feet high, and 4 feet girth, furnishing a hard wood, which 

, is not durable or easily worked, and is liable to crack if exposed ; 

» but is used by natives for posts and door frames : also for fuel. 

The tree is valued for its nuts or berries used for washing. 

A tree of Southern India, producing a red strong, hard and 
heavy wood, used for oil presses, sugar crushers and axles. It 
occurs also in the East of the Punjab. It is a large and common 
tree in Burmah, where excellent solid cart wheels arc formed from 
it. 

The Thee-ya is a Burmese species of $6l t producing a heavy and 
_. ..._.., compact wood, closer and darker colored than ordinary sal, used 

58 I 3»00 I 20234 I 730 | for making carts, and oil and rico mills. 
•Shorea Robusta. The sdl furnishes the best and most extensively used timber 



109 *Saptni>ub Emabginatus. 

(Sapindacca.) 

I 64 J 3965 I 15495 | 682 

110 *SCHLEICHERA TRIJUUA. 

(Sajrindacea*.) 



Shobea Obtusa. 
(Dipteracc*.) 



55 



4209 
4968 



18243 



880 
769 



I 11521 
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in Northern India, and is unquestionably the most useful known 
Indian timber for Engineering purposes : it is used for roofs and 
bridges, ship building and house building, sleepers, &c. The tree 

3 o 
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113 SONEERATIA APBTALA. 

(Myrtacc*.) 

114 SOTMIDA FSBRIFUOA. 

(Cedrelacea.) 

| 66 | 8986 | 15070 | 1024 



US 



grows in forests in the Terti extending along the foot of the Hima- 
laya, from the Brahmapootra to the Jumna, and in Bnrmah and 
Tenasserim, The timber is straight, strong, and durable ; bnt 
seasons very slowly, and is for many years liable to warp and 
shrink. 

A large and elegant tree of the Oangetic Delta, Bombay and 
Rangoon ; yields a strong, hard, red wood of coarse grain, need in 
Calcutta for packing cases for beer and wine, and is also adapted 
for rough house building purposes. 

A large forest tree of Central and Southern India, furnishing 

a bright red close grained wood, of great strength and durability, 

• preferred above all wood by the Southern India Hindoos for the 

1 wood-work of their houses. Though not standing well exposure 

to sun and weather, it never rots under-ground or in masonry, 

and is very well suited for palisades and railway sleepers. 

A large tree of South India, Ceylon and Bnrmah. In the lat- 
ter country, the trunk is 50 feet to the first branch, and girth 10 



(Myrtacem.') 
| 48 | 2746 | 8840| 



6001 



Sterculia Fcbtida. 

(Sterculiacea.) 

i oft i « ftio i 1A70A i nu. i fee** ** 6 feet from ground : but the timber is not used there. In 
I arc | s,a«f | lww | Wk | c^,^ u ig nged for honae hsSma ^ and m My8ore for a variety 

of purposes, taking the place of the true poo*. The wood is light, 
tough, open grained, easily worked, not splitting, nor warping : 
in color yellowish white. 

116 *Syzygium Jambolanum. The Jamoon is widely diffused through India, and is rained 

as an avenue tree from 'its height, handsome foliage and edible 

I plum-like fruit. The brown wood is not very strong or durable, 
' but is used for door and window frames of native houses ; though 
more generally as fuel. It is however suitable for well and canal 
works, being almost indestructible under water. 

117 *Tamarindu8 Indica. The Tamarind is a very handsome tree for avenues, gardens, 

{Legumlnotc^) &c, of very slow growth, but attaining a great site ; and much 

170 i ftiXR oaaoq i qua i valued for its fruit The heart wood is very hard, close grained, 
2803 I 816 dark red * very hard to be worked j used for turnery, also for oil 

1111 presses and sugar crushers, mallets, and plane handles $ it is a very 

118 ♦Tbctona GRAXDia 

( Verbenacea.) 

I 45 | 8978 I 15467 | 814 
I 42| I | 747 

| I | 14498 I 683 

119 Terminaua Arjuna. 
( Combretaceoe.) 

| 54 | 4094 | 16288 | 820 
Terminaua belerica. 



good brick burning fuel, 

The Teak furnishes the most useful and dnrable timber 



120 



121 



122 



123 



It grows in Southern India, Bnrmah, Java, Sumatra, &c The 

wood is brown, and when fresh cut is fragrant : very hard vet light, 

I easily worked, and though porous, strong and dnrable : soon 

seasoned, and shrinks little ; used for every description of boose 

1 building, bridges, gun carriages, ship building, &c 

A tree widely diffused, often found in company with teak, and 
growing to a very large size. It furnishes a dark brown, heavy, 
| very strong wood, suitable for masts and spars, beams and rafters. 
A very large forest tree with a straight trunk, and spreading 
head, and flowers with an offensive smell. It is a very fine looking 
tree for avenues, but the wood is white and soft and not used in 
carpentry. 
A beautiful and lofty tree with horizontal branches, growing 
7568 I 470 I m tiers : P lante<1 m gardens and avenues. The wood is need in 
I ' u I s. India for common house building, but it is light and coarse- 
grained, possessing little strength, and liable to warp. In Bnrmah 
it is used for yokes and canoes. The fruit and galls are need by 
dyers. 
Terminaua Coriaoea. A large tree, common in the forests of Central and Southern India, 
on i 4A14 i oooKi i aen i of whicn the heart wood is one of the most dnrable woods known : 
w | w*j | ^»5i | 860 | ^flgh browllj heavy, tough and durable, very fibrous and elastic, 
close and even-grained : used for beams and posts, wheel and 
cart building generally: and telegraph posts. It is durable under 
water and is not touched by white ants. 
Terminaua Glabra. This valuable timber tree, is found in all the Teak forests of In- 
55 | 8905 | 20085 | 840 | dia and Burmah, furnishing a very hard, durable, strong dose 



•Terminaua Chebula. 
82 I 8108 
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and even grained wood, of a dark brown color, obtainable in large 
scantling, and available for all purposes of house building, cart 
framing and furniture. 
124 +TBRMINALIA Tomkntoba. A valuable forest tree of Malabar, Nagpore, Bajmahal, Oudh 

&c. : which supplies a heavy, strong, durable and elastic wood. It 
is, however, a difficult timber to work up, and splits freely in ex- 
posed situations. A good wood for joists, beams, tie-rods, &&, 
and for railway purposes, and is often sold in the market under 
the name of sdl t but it w not equal to that wood. 
J25 Thbspesia Populnba. The Portia tree of Madras is much used for avenues, from its 
(Maivacece.) handsome appearance. It grows most rapidly from cuttings, but 

i iq i nooA i ifliiQi *n» i th« trees so raised are hollow-centred ; and only useful for firewood. 
| *» | b^h | i»i«j | 7 lb | Seed u n j P treeg fumish a pale red, strong, straight, and even-grain- 
ed wood, easily worked : used for gun-stocks and furniture. 

126 *Tbewia Nudifloba. This is a large tree, from 40 to 60 feet in height, furnishing a 

(Euphorbia cea.) white, soft, but close-grained wood. 

127 ULMU8 Inteobifolia. This large Mm is found in varions parts of India, from the foot 

( Ulmaceot.) of the Himalaya to Ceylon. It furnishes a strong wood, employ- 

ed for carts, door frames, &c. There are other Bpecies of Elm 
l/ltnus CampettrU, Erota, &&, growing in the N. W. Himalaya ; 
lofty handsome trees, often planted as sacred trees by temples. 

128 *ZiZYPHUS JuJXTBA. The Jujube or Ber is a small thorny tree found growing all 

(Rhamnaeea.) over India and Burmah, and is cultivated on account of its fruit. 

i «fl i hksu i i oioi i £74 i The red dark brown wood is hard, durable, close and even-grained, 
I *o j vtn* | i«4Ji | e/-* | 9nd well ^4^ for cabinet and ornamental work. The leaves 
are extensively used to feed cattle in the Punjab. 
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List of Local Synonyms of the Trees enumerated in the Preceding List. 

be. Bengalli. bu. Burmese. c. Canarese. o. English. g. Ourhwai. h. Hindustani. k. Kunawute*. 

to. Teloogoo. ta. 7V»mt/. 



A. 




Caoutchouc tree, e. 


, 67 


Gomar, be., 


71 • Kaith, A., 


. 66 






Casuarina, c, .. 


41 


Googilam, te., . . 
Gooler, A., 


112 Kaki, c, 


. 42 


Abju, A., • * 


20 


Catechu, e., 


3 


68 1 Kala jam, be., . 


. 116 


Abnoos, A., 


57 


Cedar, c, 


44 


Gnooshwoay, bu. 


42 Kali keckur, d.+ 


2 


Aeen, 


122 


Chandana be, .. 


108 


Guava, e., 


100 j Kamba, A., 


. 40 


Aglay, ta., 


45 


Chandana,m, ta., 


108 


G umber, be., .. 


71 Kanagalu, c, • 


. 55 


Aing, bu., 


61 


Checl,*., 


97 G urrapa budam, te. 


, 115 1 Kanazo, bu., 


. 75 


Akrot, A. A., . . 


79 


Cheer, A., 


97 ; Gwai douk, bu., 


48 j Kantul, be., 


. 15 


Am, A., .. •• 


81 


Chickrassi, be.,.. 


45 j Gyo, bu., 


110 , Kanyeen, bu.. 


61,62 


Amlaki, A., 


63 


Chittagoug, c, . . 


45 1 


i Karakaia, te., . 


. 121 


Amultas, A., . . 


42 


Chulta, be., 


56. H. 


| Karanj, A., 


98 


Anjili, ta., 


14 


Chum pa, h., 


84 


Kasnccr, A., 


. 67 


Aonla, h. t 


63 


Chumpaka, be., 


84 j Hance, c, 


101 


Katuvagi, ta., . 


7 


Arjun, A., 


119 


Chumpakamu, te. % 


84 Honay, c. 


102 


Kelmung, A., 


44 


Asan, 7t., 


124 


Cocoanut palm, e., 


47 | Horse* radish tree, e 


, 89 


Kelu, A., 


. 44 


Asoka, ta., 


73 


Coral tree, e., . . 


<$4 1 Htan bn.. 


81 


Kerwal, A , 


. 80 


Atti, to., 


68 


Coramundalum, ta 


., 58 Htcin, bn., 


93 


Keek or, A., 


. 2,5 


Aucha, fa., 


74 


Cork tree, e., . . 


85 I Hulda, A., 


121 Khair, A., 


3 






Cotton tree, e., . « 


30 Huldoo,A., 


92 


Khajcor, A., 


. 94 


B. 




Cuddapah, ta.,.. 


21 


Hara, A., 


121 


Kheerne, A., 


. 87 






D. 




Hurda, 


121 


,Khoomb, A., 


. 40 


Babool, A., 


2 




Hurdoo, h., 


92 


Khoura, be., 


. 113 


Baer, A., 


128 


Date palm, e., . . 


94 


Uyecbeen, bu., . . 


128 


Kirni, A., 


. 87 


Baheera, A., 


120 


Deodar, A., 


51 






Kobin, bn., 


. 110 


Baibya, bu., 


50 


»i 9 > 


44 


I. 




Kokoh, bu., 


13 


Bakleo, A., 


50 


DhfikA., 


33 




Konda tanged u. 


te., 78 


Bakula, be., 


86 


Dhamin, A., 


72 


Imlee, h., 


117 


Koramanu, te., 


32 


Bamboi, bu., . . 


40 


Dhamnoo, A., . . 


72 


Indian rubber tree 


e., 67 


Koon, be., 


. 110 


Bamboo, e., 


19 


Dhao, A., 


50 


Ippio, te., 


22 


Koon koodoo, te. 


, 109 


Ban, A., . . 106(a) 


Dhoon Sirris, c, 


4 


Iron wood, c, 77, 78 


Koovai, c, 


. 38 


Bans, A., 


19 


Dhoura, A., 


46 






Koosoom, A., 


. 110 


Baughi, c, 


7 






J. 




Kuchnar, A., 


. 24 


Bejasal, A., 


102 


E. 








Kadumb, A., • 


. 91 


Bet, h., .. 


87 






Jack, e., 


15 


Kukkur, Jr., 


. 107 


Bhojputra, A., . . 


27 


Ebony, e., 57, 59 i Jambai, c, 


78 


Kumbala, bu , . 


. 113 


Billu korra, ttt., 


46 


Eedjul, h. t 


20 Jam boo, A., 


78 


Kurabhi, te., 


. 40 


Bitti, c, 


52 


Ecngycen, bn., . . 


112 


Jaraoon, A., 


116 


Knmhar, A., 


. 71 


Bjoobeen, Am., . . 


55 


Eeta, te., 


94 


Jarul, A., 


80 


Kurroo murdoo, 6k., 123 


Blackwood, e., . . 


52 


Elm, e., 


127 


Jcapota, A., 


105 


Kurroo pallay, te., 105 


Bokain, A, 


83 


Erool, 


78 


Jhand, A., 


99 


Kurroo vallum, \ 


ta., 2 


Boomaiza, bu., . . 


12 


Eruputtu, ta., . . 


52 


Jungli hadam, be., 


115 


Kursoo, k., 


106(c) 


Box, e.,.. 


34 


Eruvalu, ta., . . 


78 






Kurunj, A., 


. 98 


Bakkum, A, be., 


86 


Eyne, A., 


124 


K. 




Kussumb, h., . 


. 110 


Bur, A., . . 


69 










Kuthbel, h., 


. 66 


Burcut, A., 
Burhul, h., 


69 


F. 




Kada lipua, ta., 


80 


Kuthul, A., 


15 


16 






Kadam, A., 


91 


Kyaitha, 6m., . 


20 






Furrud, h. t 


64 


Kadhalsna, c, .. 


14 


Kywon, 6u., 


. 118 


0. 








Kadon kadet, bu. t 


48 










G. 




Kadu kai, ta., . . 


121 


L. 




Calaraandcr, e., 


58 






Kail, A., 


96 






Cauc, <?., , . 


37 


Gaudaga, c, . . 


108 


Kaim, A., 


93 


Lakoocha, A., . 


16 
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Mnchamna, te 


., 16 


Lcaar, g., 


51 


Lcem,*., 


. % 


M. 




ifaah, to , 


. 81 


Mahwah, A,, . 


. 22 


Maljan, «., 


. 25 


Mamari, te , 


. 81 


Mango,*, 


. 81 


Manja kadamba, 


tew, 92 


Mashoay, bu. 9 . 


29 


Mavenai « » 


. 81 


Mavdi, te., 


. 68 


Mohe ka jhar, J 


., 23 


Monro, *., 


106(6) 


Murinda, y., 


95 


Moolsuree., 


. 86 


MnHxTry, c , . 


. 90 


Mnlsari, A., 


. 86 


Malnvengay, to. 


, 32 


Mangal, to.", 


. 19 


Mattec,c, 


. 122 


N. 




Nagee, bu., 


. 104 


Narel, A., 


. 47 


Narikel, to?., . 


47 


Narveppa,*e, . 


. 74 


Nawel, to., 


. 116 


Neem, A., 


. 18 


Nellikai, to., . 


. 63 


Nulla tooma, te 


., 2 



Oak, 



P. 



106 



Padonk, bu., , 


. 101 


Padrie, ta ., 


. 28 


Paira, be., 


. 100 


Pailie, te., 


. 40 


Pala, ta., 


.. 87 


Palava, te., 


. 88 


Palmyra, c, 


.. 81 


Panama, te., 


.. 15 


Pangah, bu., 


. 120 


Paphri, A», 


.. 98 



Pains,*, .. 125 

Parus pccpul, A., 125 

Pashi, te., .. 49 

Pauujireh, A., . . 64 

Pawoon, bu. f . . 35 

Pedda kalinga., 56 

Pedda manu, te., 10 

Peema, bu,, . . 80 

Pccpul, A., . . 70 

Pecnarcc, ta., .. 115 

Pecngadoo, bu., 78 

Peru maram, te., 10 

Pethan, 6«., . . 29 

Phulahi, A., . . 6 

Phuldoo, A., .. 93 

Pilla, te., .. 15 

Pindrow, k., . . 95 
Pinnay, to., 38,39,55 

Pogada, te., . . 86 

Pooli, ta., .. 117 
Poon, e., 38, 55, 1 15 

„ (red) e., . . 39 
Ponna, te., ..38,39 

Porasa, ta., . . 33 

Porcsh be., .. 125 

Portia, e., . . 125 

Pouk. bit., .. 33 

Pulasamu, te., .. 33 

Pulass,A., .. 83 

Pundaloo, A., .. 126 

Pungra. A., . . 64 

Puttunga, te., . . 36 

Puvandi, ta., . . 109 

Puvumaram, ta., 110 

Pyen kado, 6m., 78 

Pyen mah, bu. 9 . . 80 

R. 

Rai, k, .. 1 

Ranjana, k. 9 .. 9 

Red sandal, e., . . 103 

Reeta ka jhar, A., 109 

Rohun, be., .. 114 

Roohoona, A., .. 114 
Rukto chandao, A , be., 
[9, 103 



s. 

Sadachoo, to., 
Sagoo n, . . 
Bain, A., 



72 
118 
124 



SAJ 


118 


Thitsi. 6m., 


82 


Sal, A., .. 


112 


Thounbcn, bu.,.. 


14 


Sampangi, c, .. 


84 


Thoura, A., 


50 


Sandal, e., 


108 


Thrinanmrnin,tftf., 


26 


Sandun, A., ., 


53 


Tileagnrjiin, be., 


62 


Sankhoo, A., 


112 


To<»n, e, h, ta , . . 


43 


Sap pun, a. % 


30 


Toima, A, A., 


43 


Snrala devadara, 


te, 2(> 


Toot, A., 


90 


Satin wood, e., . . 


4G 


Tiw, k , . . 


95 


Sccsoo, A., 


54 


Toukyan, 6?/., . . 


119 


beet, be., 


4 


Tounbein, /•/.., . . 


17 


„ bu., 


11,8 


Trincomallce, be, 


26 


Seevum, A, 


71 


Tuki, te , 


67 


Scmul, A., 


80 


Tiunal, A., 


60 


Sim, bu., 


3 


Tumbali, to., .. 


59 


Shami be.. 


99 


Tumida, te., 


69 


Sheeshum, A., . . 


54 


Turka vo pa,//'., 


83 


Shem maram, to., 


114 






Shnmslmd., A., . . 


34 


u. 




Shwctsid, be., . . 
Siah Toot, A., . 


52 
90 


Uva, ta., 


56 


Sirris, e. t A., 


7 


V. 




Sissoo, e, A, te., . 


. 54 




Soap nut tree, e., 


109 


Vaghi, c, 


7 


Soimida, te., 


114 


Vainga, ta., 


102 


Sohujna, A.. 


89 


Vapum, to., 


18 


Soondrec, be., • 


75 


Varnish tree, c, 


82 


Suffri am, A., 


100 


Vellnga, te., 


66 


Sulla, g., 


97 


Vclla kadumbu, ta. 


,91 


Suudul, A., 


108 


Veil am, to., 


66 


Surra kounay,te 


.. 42 


Vellay nagn, ta,, 


50 






Veluelam, ta., . . 


5 


T. 




Vepa, te., 


18 






Vummai, te., .. 


46 


Tai maram, te., 


67 


Vummaram, ta. % 


46 


Tamarind, c, , 


117 






Ta-nyen", 6«., . , 


77 


w. 




Teak, e., 


118 






Tcingyct, bu., . 


36 


Walnut, e., 


79 


Teka, te , 


118 


Wodale, ta., 


8 


Telia turn a, te., 


5 


Wood apple, e., 
Wood oil tree, e., 6 


66 


Tendoo, A., 


60, 59 


1,62 


Tenkaia, te., . 


47 






Thabyoo, bu., . 


56 


y. 




Tharra, te. t . 


72(6) 






Thayat, bu., 


. 81 


Yeenga, Am., 


55 


Thee-va, Am., . 


. Ill 


Yendike, bti., .. 


52 


Thcmba kamaka, bu. , 1 8 


Yctaga, c, 


93 


Therapee, bu., . 


.38,39 


Yimma, 6m., .. 


45 


Thevus, 


. 53 


Yoong, 6«., 


49 


Thingan, bu., . 


76 


Ywaigycc, 6m., . . 


9 


Thitkado, bu., . 


. 43 


Zinbuzin, bu., . . 


56 
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PROFILE FOR WALLS RETAINING WATER. 



By E. L. Asher, Exec. Engineer. 



[First Article]. 

A rigorous theory of hydraulic retaining walls, comprehending all prac- 
tical considerations, and so famishing results of reasonable simplicity 
ready to the hand of the Engineer is one which has never yet been laid 
down. The subject, on its purely theoretical side, is a simple statical 
problem, but on its material side there supervene conditions which are 
difficult to define, and when defined and applied, give rise to more or 
less, and inevitably to much, of complication. 

There have been two kinds of approach to such an object. The one 
has been the introduction, by certain French Engineers, of graphical 
constructions which, while being tedious, require also from the operator 
a complete acquaintance with their theory — such acquaintance being hard- 
ly to be gained from the descriptions of their English expounders. The 
other approach is purely analytical, and is typified by the treatment of 
Rankine. This method involves equations of rotary and frictional stabi- 
lity only, in the direct method of the author's " Applied Mechanics." In 
his " Civil Engineering," hydraulic walls are a deduction from his theory 
of retaining walls in general, and of this theory it is to be said that it 
involves no more than, the above conditions, but affects them by a co-effi- 
cient derived from the proportions of existing works, which, rightly or 
wrongly, introduces a certain element of empiricism. Sufficient, too, as 
these conditions are for ordinary construction, the law of increase of 
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pressure of material, both retaining and retained, evidently requires, for 
extraordinary cases, a condition which, in those investigations, is wholly 
ignored. The condition, that is, of resistance to crashing in the materia]. 
Such a condition involves increase of base in a ratio of squares, which is 
quite incompatible with any straight sided profile, the only kind con- 
sidered. Above all, the method is difficult and abstruse, and its results 
are far from being convenient and accessible to the practical man. 

The result remains that the practice of Engineers is really the sole 
guide to design. Such empiricism, while being as safe as could be desired, 
is objectionable on graver grounds than those of mere precision. Safety 
pushed beyond a point of proved sufficiency becomes waste, and there 
may, and do largely, in this country, occur cases where the cost of the 
dam in a reservoir is the criterion (often to a few thousand rupees) of the 
work being undertaken. In such cases, what is called by some, " sound 
practice," may lead to the abandonment of a promising scheme, and the* 
miscarriage may be more fatal to life and property than would be the 
bursting of a stinted work. However re-assuring, too, may be the ap- 
pearance of large masses of material, it is never to be forgotten that 
water most insidiously searches out defects of work, and most powerfully 
attacks them. Defects of work in building are held in check by a very 
finite supervision, which breaks down in proportion as the working face 
increases, showing an d priori advantage for restricted profiles, and an & 
fortiori advantage for such profiles in which certain portions only are in- 
dicated for the best and soundest workmanship. 

It is not proposed, in the present article, to enter into any mathemati- 
cal demonstrations. The theory on which results are founded will, with 
some inevitable repetition, be set forth fully in the end, but it is 
scarcely to be expected that any one should take the trouble to examine 
it without some preliminary satisfaction as to the nature of its results ; 
besides which it may be useful to have those results in a compact work- 
ing form. 

The article is therefore confined to a statement of the leading steps, 
and to exhibiting the practical procedure recommended for the design of 
retaining walls to still water, or exposed to only moderate currents and 
waves. Overfalls and stream dams must be reserved for the present as 
they involve, under this theory, considerations which might at first be 
objected to as complex. 
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Finally, it should be observed that the theory assumes a rock foun- 
dation. Its absence generally indicates construction in earth and puddle, 
but should masonry be still adopted, a due extension of foundations 
would have to be decided on, into which subject it is not proposed to enter. 

Admitting that the triangle is the sole geometrical figure which, being 



Fig. 1. 




equilibrated with a fluid pressure, is so equi- 
librated throughout, for all its parallel sec- 
tions : that is, that if ABC is in equilibrium 
against the fluid pressure on AC, Abe is so 
against that on Ac, and A6V against that 
on Ac'. It follows that the triangle is to be 
taken as the mattix for all still water walls, 
and, by en tension, it is convenient to take it 
as the matrix for all hydraulic walls what- 



soever. 



Of equal triangles, ABC, ABC, A"BC, under the same head of 



A A um 



Fig. 2. pressure, some 

will have more 
stability than 
others, and one 
will have maxi- 
mum stability. 
Or, to take an- 
other point of view, triangles of equal stability under the same head 
will have different bases and areas, and one will have maximum area. 
This proposition, investigated by the theory of maxima and ininima, gives 
a minimum triangle of rotary stability, or, as it will be briefly called, a 
minimum profile. And this particular triangle is adopted for a matrix. 

It is obtained, for water, by the following 
simple construction :— 
Given 

x = the height in feet, 
n = specific gravity of the profile — s»y» 
1-79 for brickwork. 
2-0 for concrete. 
2-8 for masonry. 
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MakeBC = 2 * 



VV + U + 9 

set back from the water 6ide 

*/ *» + 2 n + 9 

Erect FA = X. Join AB, AC. Then ABO is the minimum profile 
of which AC will be the water face ; and any other triangle of equal area 
will be overturned by the pressure. The profile will be in exact equili- 
brium, and the resultant of its own weight and of the water pressure will 
pass through its heel B. 

It will be seen that the form of this profile depends entirely on the 
specific gravity of the material. 

The water pressure is now supposed to increase, causing the wall to fail 
on the joint DE, and over-turning the section ADE. 
As the movement commences, the pressures acting on the joint DE will 
be more and more lightened on the water side 
of a neutral axis N, and more and more inten- 
sified on the land side of it. This neutral axis 
will, as the action continues, move towards the 
heel D, until at last the joint will open, when 
N will have reached, and coincided with it, and 
vanished. At this instant the whole stress 
B, compounded of the weight of the wall and 
the pressure of the water, will be concentrated on the point D. A wedge 
will bo thrown out, and the wall will topple over. 

It follows then, that if arrangements were made to ensure the stability 
of the wall, we have here a limit of the stress that can under any cir- 
cumstances, be brought to crush the material at its back. If then, we 
should add on material at the back of dimensions calculated to resist this 
crashing force distributed over it, we should, at the same time, be giving 
stability by retreating the heel. And if it should appear that the 
amount of this retreat is sufficient to remove all chance of mere disturb- 
ance (and very little should suffice to do that if we assume the water to 
be still, to which case every other will, by proper allowances, be reduoed) 
it will follow that we have here a sufficient provision against all that can 
attend the occurrence of a failure which cannot even occur, and, a fortiori, 
a provision for security in the integral structure. 

VOL. I. — SECOND SERIES. 8 D 





Fig. 4. 




A 




// s V" 


P/y 


""* — T 




\c 



Digitized by VjOOQ IC 



442 PROFILE FOB WALLS RETAIN1IG WATSB. 

It cannot here be too strongly insisted, to prevent objections to the 
co-efficients which will hereafter be proposed, that this force R is not to 
be considered as an actual force in practice, concentrated at the back and 
tending to detrude it. In practice it will really be distributed in some 
varying ratio along the whole breadth of the joint We are making pro- 
vision for a hypothetical and impossible — a limiting and immensely ex- 
treme case, under which a quantity of material should be disposed at, and 
about the point D, sufficient to resist crushing by a certain stress R dis- 
tributed over it, and which by its own inertia must render it impossible 
that such condition of strain should ever supervene. 

Let ABC be a minimum profile. This surface of resistance' would 

evidently be provided by setting 'off 
OE, OF from the back AB, perpen- 
dicular to R, so that EF should not 
be crushed by R distributed oyer it. 
Hie result will be ensured by describ- 
ing a circle of radius OE round O, 
and making the rib tangential to it. 
If we do this for a number of points 
along the back AB, and draw lines tangentially between] all these circles, 
their envelope on either side will define this rib of resistance. 

Expressions are therefore investigated for P, W, and their resultant 
R, from which is deduced a general expression, in terms of the depth x, 
for the radius p of this tangent circle. This furnishes an approximate 
equation for the rib, from the quadrature of ^hich the weight of the 
half rib is obtained. Equations are then recast to include this weight, 
and the result is the following finished value of the radius p at any depth 
x from the vertex, p being the safe crushing strain for the material in 
tbs. to the square inch, and n its specific gravity. 

9*5906 

p and n are constants fixed once for all, and which being inserted m 
this equation, and the co-efficients reduced by calculation, bring it to the 
simple working form 




y 5»» - 8ft + 9 / 0-016 n \ « 

JI « + 2n + 9 V * + 864p/ 
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«, & and y being numerical co-efficients. By giving x successive values for 
fixed depths, the corresponding values of p at once follow. 

The co-efficient n should be fixed by experiment on the weight of 
the material. 

For the co-efficient p data are scanty and variable, safe compression 
for masonry being stated at from less than 80 or 40 to more than 100 lbs. 
per square inch. Considering the nature of this theory, and the fact 
that none but the soundest work should ever be introduced into this rib, 
the accompanying diagrams are calculated on p = 100. 

At this point an analytical extension of Rankine's theory is made, and 
a tabulation of results proves that of equally effective walls under that 
theory, those are more and more economical which have an increasing 
departure of their water face from the vertical, the most effective being 
that in which the water face batters to 70£°, giving a base 0*468 of the 
height for masonry of 144 lbs. to the cubic foot. The straight line at 
the back of each profile in diagrams 1, 2, 3, shows the full extent to which 
Rankine's criteria are satisfied, and also the sensible co-incidence of all 
results up to a depth of some 50 feet. It is further suggested that, to 
set all questions of frictional stability at rest, it would be well to cant the 
courses to the water. 

Finally, the profile is completed by a correction for the moderate waves 
and currents which ordinarily occur in reservoirs, the result being an 
addition to the head which, for the purposes of the present paper, may 
be taken at 5 feet 

The net result is a wall having a plane battered face to the water, a 
horizontal top, and at back, a curved or polygonal batter forming the face 
Fig. 6. *° a BOrt °f dorsal rib, into which should be 

thrown all the best workmanship. Further re- 
commendations are that bond courses of such 
workmanship connect it with a sound and 
water-tight face, and that in view of possible 
leakage, frequent weepers be provided through 
the rib. 

The present article will be concluded by re- 
capitulating the steps to be taken in tracing such a profile as has been 
described, and Diagrams 1, 2 and 8, Plate XXXVI., are referred to for 
illustration. 
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The working height A is the height of the water surface from founda- 
tion, plus 5 feet. On completion of the profile, this 5 feet will be cot 
down from the vertex, giving trae water surface, and a splash wall wiD 
be substituted for the frustum. 

I.— If the constants be granted as assumed, copy the corresponding dia- 
gram to the depth required. 

Fig. 7. II. — If other values be taken for the constants. 

Draw a minimum profile, of height h 
2 h (3 - ») A 




& = 



V»* + 2» + 9 



e = 



V»« + 2«+9 



n being specific gravity of the material. 
Divide the height h into tens of feet from the top, and rule horaontal 

lines. At their intersections with the 
back AD describes circles of radius p 
given by 

. ,. , 9*6906 /5»*-8»+9 

m W hich « - __y -p+TT+r 

Q = 0-016 




y = 



864f> 



x = depth below apex A 
n = specific gravity of material. 
p =: safe compressible strain per square inch. 
Draw tangent curves to these circles, defining the rib. 

Fig. 9. 

A 




Cut off 5 feet from the top and the profile BEFC is complete, 
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It will be observed that this dorsal rib is the locus of a generating 
circle whose radios is a function in the third degree of the depth. It is 
therefore evident that at some depth, this radius will exceed the base of 
the minimum profile, which is a function in the first degree of the depth. 
Beyond this depth, the water face will cease to be a plane, and these 
expressions will cease strictly to apply. 

The depth will exceed any that are ever likely to occur in practice, but 
it will be well to note it as a corroboration of this theory that where this 
point is reached, the hypotheses which have been here called extreme, are 
realised, and our limiting strains become actual strains. That is to say, 
beyond these great depths the profile is only sufficient, and the straight 
backed profiles fail. This, too, is a corollary from the increase of pres- 
sure by squares. 
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THE PLANIMETER. 



By John Elliott, Esq., M.A., Fellow of 8t. John's College, Cam- 
bridge, and Prof 6**or of Mathematics at the Thomaeon C. E. College. 



The object of the present article, is to describe the planimeter, and to 
prove mathematically the property upon which its construction depends. 

The planimeter is an instrument devised to measure by mechanism 
plane areas bounded by any curve whatever. 

Several have been constructed by different inventors, all of which are 
apparently founded on the same mathematical property. The one in 
most common use is Amsler's, and of this several kinds differing in 
arrangement have been constructed. The simplest form is that shown in 
Fig. L 
A is a loaded disc, which rests on the table and serves as a fixed sup- 
port for the instrument At its centre B is 
an upright pin upon which turns the arm 
BC, to which at C is hinged the arm CD. 
The tracing point D can be moved in any 
direction over the paper. Exactly in the 
straight line CD is the arm E of the small 
wheel F whose edge rests on the paper, and 
whose centre is vertically below the inter- 
section of CB and CD. When the tracing 
point is carried round the outline of any figure (the fixed point or support 
of tie instrument A being external to the figure to be measured) so as 
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to return finally to the same point whence it started, it will be shown 
that the distance rolled by the edge of the wheel P multiplied by the 
length of the arm CD, is equal to the area of the figure bounded by the 
curve described by the moving point. The distance rolled by the wheel 
is measured by a graduated circle and vernier, not shown in the figure, 
complete revolutions of the wheel being indicated by a second wheel driven 
by an endless screw on the shaft E. It is also evident that by a proper 
sub-division of the wheel (depending on the length of CD) the numbers 
indicating the distance rolled will at once give the units of area contained 
within the given bounding line. 
An improved form of the instrument is shown in the accompanying 

Fig. 2. 




diagram (Fig 2). It is that termed the Polar Ptanimeter, and is the one 
new in general use. 

The chief points of difference between this and the one previously des- 
cribed are the following :— 

1st. The centre of the rolling wheel is not necessarily vertically under 
the point of intersection of the two movable arms, but may be 
at any point in or beneath the arm NO. 
2nd. The arm NI (Fig. 2) corresponding to CD of (Fig. 1) may be 
lengthened or shortened at pleasure. The object of this will 
be stated presently. 
The details of its construction are as follows :— 
A bar BC carrying a needle pobt at B, and loaded disc A, is attached 
at the point B to the surface to be measured. At the other end C of this 
tar, which is cranked to escape contact with the portion 6FE of the in- 
strument in certain positions, a pair of vertical pivots are centered, so that 
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the bar moves freely upon them in a horizontal direction. The axes of 
the pivots are upon a frame which carries the calculating apparatus, con- 
sisting of a roller (E) fixed on a horizontal spindle carrying a divided 
drum (D), which divides the circumference of the roller into 100, and by 
vernier into 1000 equal portions. Upon the horizontal spindle a worm 
(not shown in the figure) is cut* This by a pinion (F), moves the 
small disc G, which is divided to register the number of complete revolu- 
tions of the roller. The frame which carries the calculating apparatus and 
bar described has a tubular fitting HI, in which slides, and is adjusted by 
the screw M, the bar ON which carries the tracing point at N. This bar 
ON is divided by various lines indicating different adjustments. 

It is, for any one of these, moved along the tube until the correspond- 
ing line exactly co-incides with the edge I of the tubular fitting. The 
planimeter as ordinarily supplied is usually marked with the following 
scales:— 



1 sq. dem. i. e. f one square decimetre. ^ 

0*1 sq. ft. „ 0-1 square foot. 

2000 sq. m. 1 f 2000 square metres. 

1 : 500 J " I on a scale 1 : 500. 

10 sq. in. „ 10 square inches. 

0*5 sq. dem. „ 0*5 sq. decimetres. 

1000 sq. m. 1 / 1000 square metres. 

1:500. J » I on a scale 1 : 500. 



J 



For every rotation 
of the roller. 



It will be sufficient to explain two of these to show the method of 
using them. Suppose first that the line corresponding to 0*1 square 
foot co-incides with the end I of the tube, and that the instrument is 
placed into position to measure any area. The distance traversed by the 
rolling wheel as measured by the two registering wheels D and O will give 
the area in units, each equal to one-tenth of a square foot. That is, if 
the wheel G registers 5 complete revolutions, and the drum and vernier D 
-£&&, or -485 of a revolution, the actual area of the figure to be measured 
will be 5*435 x 0*1 square foot, or *5435 square feet. Similarly for the 
markings 10 square inches, 1 square decimetre, 0*5 square decimetre. 
Tho expression ^square metres J ^dicates that if employing a scale 

of 1 : 500, the unit of measurement being the metre, any area be laid 
down on paper, and the planimeter be employed to determine the area in 
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the usual manner, then each revolution of the rolling wheel will correspond 
to 2000 square metres of actual area. 

Thus, supposing the same number of revolutions made as in the previ- 
ous case, the area^would be 5*435 X 2000 square metres, or 10,870 square 

metres. The remaining scale , . 8( *500 ^ *** } * 8 to ** ^erstood in 
a similar manner. 

Besides these there are usually other numbers engraved along the top 
of the bar. These vary in different instruments, and depend as will after- 
wards be seen, on the lengths of the arms BC and GN, and the distance 
of the wheel from the point of intersection of the movable arms. These 
are in the one supplied to me 20778, 20*776, 22-180. They are employed 
when the fixed point is placed within the figure to be measured. 

Method of use of the Planimeter in measuring areas. Slide the frame 
along the bar until the line indicating the required denomination of area 
is adjusted in the manner already stated. Thus if measurements are in 
inches, set it to the line adjacent to scale 10 square inches. Each revolu- 
tion of the wheel will therefore indicate 10 square inches of area. It is 
then placed upon the paper in the manner shown in the engraving, the 
fixed and loaded point being placed if possible outside the figure. The 
reading of the instrument is then taken. Thus suppose the horizontal 
disc reads 8, the drum of the vertical roller 74, and the vernier 6, this 
will give the complete reading 8*746. The tracing point must now be 
moved carefully and slowly to follow the outline of the figure from left 
to right, so that the wheel may rotate in the direction corresponding to 
the increase of rotation as registered by the wheels, until it returns to 
the starting point. Suppose the reading to be now 10*625. Then the 
difference between 10*625 and 8*746 or 1*879 indicates the number of 
revolutions made by the roller, and since each revolution corresponds to 
an area of 10 square inches, the total area measured is 1*879 X 10 square 
inches, or 18*79 square inches. 

The rule therefore when the fulcrum is outside the figure is — 

Multiply the difference between the initial and final readings for a 
complete revolution by the number engraved on the bar corresponding to 
the particular adjustment. 

If the fixed point is placed inside the figure to be measured, as must 
be done in large areas, (if we wish to avoid the labor of dividing it into 
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smaller areas, and taking the sum of these for the whole), the calculation 
includes the use of the figures engraved on the top of the bar. Thus 
, suppose the adjustment is as before for inches, and that the correspond- 
ing number on the top of the bar is 22*180. This must be added to the 
second reading before the first reading is subtracted. Supposing the 
initial and final readings were the same as in the preceding case, the 
following would be the determination of the area. 

Second reading, 10*625 

Add number engraved corresponding to 10 square 

inches, 22*130 



82-755 
Subtract the first reading, 8*746 




Multiply by 10 (since each revolution = 10 square inches,) 240*09 square 
inches = area of given figure. 

The rule when the fulcrum is outside the figure is : — 

To the second reading, add the constant quantity engraved on the 
upper face of the bar, corresponding to the given adjustment, and multiply 
the difference between this and the initial reading, by the number of units 
of area corresponding to each revolution of the instrument. 

When the fulcrum is placed within the figure to be measured, it will 
sometimes happen that the horizontal disc (which only records ten 
revolutions of the rolling wheel), will go through more than one revolu- 
tion either forwards or backwards. In that case we must add 10 for 
each complete revolution, observing that if the disc passes the numbers 
moving forward as 8, 9, 0, 1, 2, &c, for each revolution, 10 is added to 
the second reading, but if backwards as 2, 1, 0, 9, <fcc, it must be added 
to the first reading (which is equivalent to the direct correction of sub- 
tracting it from the second reading). The reason of this is obvious. 

I shall first of all prove the principle for the simplest case, tbat in 
which the wheel is at the intersection of two limbs of equal length, some- 
what fully, as it will simplify the processes of integration, and supply tb* 
key to the more difficult cases. 
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Suppose QCC to be a small portion or arc of the curve bounding 
%ig» 3. the area to be measured, C and C being consecu- 

tive points ; OB, BC the position of the arms for 
the first point C, OB', B'C, their position for the 
consecutive point C. Assume A as a fixed line 
of reference, and let L COA = 0, L BOA = <p y 
OB = BC = OB' = B'C = a, and CO = r. 
Then BB' (a small arc of the circle whose radius 
is OB) is the space described by the extremity B 
of the arm OB, corresponding to CC, the are 
described by the tracing point. 

The wheel at B only moves in a plane perpen- 
dicular to BC, or B'C Draw therefore BD at 
right angles to C'B' meeting C'B', or C'B' produced in the point D. 

Then since the motion BB' is equivalent to the motion BD, (perpendi- 
cular ultimately either to BCor B'C, if the arc CC is taken small enough) 
and the motion DB' in the direction BC or B'C, and that the rotation of 
the wheel only measures motion in the direction perpendicular to BC or 
B'C, BD will ultimately be the space rolled through by the wheel as the 
arms OBC pass to the consecutive position OB'C. 

Also since BOB' is the small change in the angle <p it may be denoted 
by d<p (^ and <fy being expressed in circular measure). 
Hence arc BB' = OB x <fy 

= cufy 
Also since BDB' is a right angle, BDB' may be considered to be a 
right-angled triangle. 

/. BD = BB' cos B'BD 
= a cos B'BD . <fy 
=: a cos (x — OBC) <ty, ultimately (since OBB' and CBD 

are then right angles). 
= a cos 2 BOC . d+ 

= a cos 2 (0 — f ) ty 
Also the total space described by the wheel = the sum of the elemen- 
tary spaces BD 

=y a cos 2 (0 - *) * 
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Total space described by the wheel x BC 

=/o» cos 2 (0 - f ) df (1). 

=fa'coB 2 (6 - *) { dd - rf(0 - f)} 

=yVcos 2 (e- +)de -yVcos 2 (e - f) d (e - *) 

=yV J2cos f (e -f) - l} cM -y^a 1 cos 2 (e-f)d(«-t) 
= Aa" cos" (0 - «) d6 -f<*d& -./* cos2 ( 6 - a)d(0 - f) 

= /£ <» -f<* & - f* cos 2 (0 - * ) d (e - *) (2), 

since evidently r = 2a cos (0 — «) 
Now for a complete revolution when the fixed point is external to the area, 
and — f return to their original values, and then by the principles of 
the integral calculus the second and third integrals of the expression (2) 
vanish, and hence 
Total space described by the wheel X BO 

zzf— to taken between the limits of for a complete 

revolution. 
= area of the figure! 
If the fixed point is internal, will in one revolution increase from the 
initial value ff to 0' + 2*-, and T^f return to its original value. In this 
case, the last integral in expression (2) only will vanish, and then the 
total space described by the wheel X BG 

-/•* + ».£ ^ -/* + *<*» 

= area of curve — 2wa* 9 
or area of curve = 2xa* + total space described by the wheel X BC. 

In this case we see that the constant quantity 2ra* must be added to 
the total space described by the wheel multiplied by BC, to give the area 
enclosed by the curve. This number 2x-a* may (as is usually done) be 
converted into revolutions, and added to the number recorded by the 
wheels. It then would correspond to the numbers 22*130, &&, alrasdy 
pointed out as engraved on the top of the bar, and is of course constant 
for the given length a of the bars. 
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Secondly. Suppose the wheel is attached at a point not in the same 
vertical line with the point of intersection of the Fig. 4. 

arms. * 

Let OB, BC, OB', B'C' be the positions of the 
arms for two consecutive points C and C of the 
curve. 

Let E be the point in BC giving the position of 
the wheel. 

Draw CH, BD, EF perpendicular to B'C. 

N is the point of intersection of BC and B'C 1 or of 
two consecutive positions of the arm BC. 

EF is evidently the small arc described bj the 
wheel during the change from the position OBC to k 

OB'C. Employ the same notation as in the first 
case, and let BE = c, and Z. OCC (or the angle which the radius rector 
makes with the small portion of the curve CC, or ultimately with the 
tangent at C or C) be denoted by %* 

Then since L OCB = L BOC = - <p, L B'CC = % - + ; 
also CC = elementary arc of curve = ds 

.\ In the right-angled triangle HCC, CH = ds sin (x — + 0), 
whence since CH, BD, EF are all parallel, 

EF = BD - ~ (CH - BD) 

= BD ( 1 + H)-i-c H - 

= C 1 + T) a C0B 2 ( a " *) ** ~ -f 8m (X - * + ♦) ds 
= (a + c) cos 2 (0 - f ) a> - -£ sin (x - + <f) ds 

= (a + c)cos2 (0 — 0)a> ~£ /(sin x cos(e-f)— cos x sin(e -f) i ds. 

JA 

But sin x ds = r -^ . a*3 = rcfa, 
and cos x <& = -^j • d* := dr. 

/. EF= (a+ c)cos2(0-0)a> - -1 1 (r cos (6-0) d0-sin (0-f) dr, I 
also r = 2a cos (0 — 0) 

/. dr = — 2a sin (0 — *) a* (0— f ) 
whence EF=(a+c)cos2(a-0)a>-2ccos , (0-*)<M-2csin , (0 - f)d(0-*) 
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= (a + c)cos 2 (0-p)cfy-2c cos* (0-*) <fy-2c cos* (0-f) <t (0 - f ) 

— 2c sin* (0 - f ) d (0 - ^) 
= (a + c)cos 2 (0 - 0) <fy - c {1 + cos 2 (0 - </>} d<p - 2c <* (0 — +) 

= a cos 2 (0 — ^) <fy — cd+ — 2c d (0 — <f) . 

= a cos 2 (0 — if) d<p + aty — 2c dd 
and total space described by the wheel in a complete revolution x BO 

= a 2 (EF) 

= /V cos 2 (0 — ^) <fy + /*ac d+—foac dO 
the limits of and ^ being taken to correspond to a complete revolution, 
in which case the integrals /accfy &ndj2acd$ vanish, and therefore, 

the total space described -=ij a* cos 2 (0 — ^) cfy 
— dd, as in the previous case. 

The proofs in the more difficult cases will be given much more briefly. 

Thirdly. Suppose the arms are unequal, and the centre of the wheel 

as before, at the intersection of the arms. Assume OB, BC, OB', B'C, as 

in the preceding, to be the positions of the arms for two consecutive points, 

OA the fixed line of reference, and let (see Fig. 8). 

L BOA = 0; L COA = 9 . l OOB = ¥ 
OB = a : BC = b, OC = r. 
Then elementary space described by the wheel := BD = BB' cos DBB' 

= ad* cos (0 — <p + ¥) 
Hence total space described by the wheel in any finite motion x BC 

= fab cos (0 - t + ¥) <fy 

2 ^ 

=/^de^f^de^fC^^ d{e ^,)...(S). 

We also have — 

o sin (0 — f) = b sin % (4). 

.\ acos(0 — ^) d(6 — f) = ftcos^c^, -... (5) 

**<l f^j^ d(6 - f ) = /\ricos(0 - * + ¥) d(0 - f ) 
= aft /*cos (0 — * ) cos * d (0 — ^ ) — a5y sin (0— ^ ) sin ¥d(0 — ^) 
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= tV cos* * d * -fa* Bin* (0 - * ) d (0 - f ) from (4) and (5), ... (6). 

Substituting the result of (6) in (3), that expression becomes 

J^de^/^^de^J 9 b'cos i ^d^+fa i Bin i (e^f)d(d^if)(7y 

which for a complete revolution, (the fixed point beiug external to the 
figure) reduces to 

J 'jr dd (taken between the proper limits of 0) 

= area of curve . (8). 

If the fixed point be within the figure, the expression (7) is equivalent to 

+ /I' d (• - ♦) - /? co8 *(»-♦)<* (fi-t) 

since * and (0 — ^) return to their original values in a complete revolution, 
= area of curve — ir (a* + fc 1 ) (9). 



which may be interpreted in the same manner as 
the preceding similar case. 

Lastly. Suppose that the centre of the wheel 
is not placed vertically below the intersection of 
the arm, but at any point along BC. 

Let E he the position of the wheel. Then 
EF parallel to BD will be the elementary arc 
described by the wheel. 

Let BE = c, and the other lines and angles of 
the figure be denoted by the same letters as in 
the previous case. 

Draw CH perpendicular to C'B', and let o 
L CC'O = x . 

ThenCHzz CC'sinCC'B' 

= ds sin (x — *) 

and BD= ad<p cos (0 — <p + *) 

whence since EF, DB and CHare all parallel, 



Fig. 5. 




(10). 
(11). 
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EF = BD - §j (OH - BD), 
EB\ EB 



= BI >( 1 +i)-S CH ^ 

= l£i±£?co8(d— *+*)<** — j-(sinxcos^(fo — cos X Biii*<fo] 
= ^^) c0 8(e-f + ^)^-y{rcoB^^-8in*drJ, (12). 

Againrcos¥ = — -^ (13). 

and rz=b cob ¥ + a cos (0 — +) 

.\ dr = - b sin * d * - a sin (a - *) d (0 - f ), 
and sin * dr as — b sin* ¥ d¥ — a sin (a — *) sin * d (a — f ) 

= - 6 sin* * d* - -f sin* (0 - *) d (a - *) (14). 

whence substituting (18) and (14) in (12), that expression becomes 

iCM^ C08 (a-f +*)<**-£ {!fd^ja+ftsin^d*+^in'(a-^)d(e«^) } 

whence the space described by the wheel during finite motion x BC 
=y^*+c)cos(0-f+*)#-^ 

But by the preceding investigation from equations (3) and (6) 

Substituting this in (15), the expression becomes — 
^/^M-^jff (?*+») de _ h (p + c)/cos»*^ + ^(^+y sin> (^y^-,) 

=J*dB-f^d^bcfd^ 

— /*ll ^ for a complete revolution when the fulcrum is within the 

figure, 

and = f— cfi — ir (a 1 + ft* + 26c), for a complete revolution, when 

the fulcrum is outside the area to be measured. 

J.E. 
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No. XLIII. 
NOTES ON FLOORS IN BOMBAY. 

[Vide Plate No. XXXVH.] 



By J. H. E. Haet, Esq., C.E. Acting Superintending Engineer, 
Bombay* 



In the public buildings lately constructed by the Government of Bom- 
bay, flooring as illustrated in the accompanying sheet of drawings 
(Plate XXXVII,) has been adopted by Colonel Fuller, R.E. 

The following is a brief description : — The framing of the floors gene- 
rally consists of iron or teak wooden girders, resting on stone bed plates, 
and placed at distances apart of from 8 to 10 feet ; on these girders are 
fixed joists of teak wood, at a distance apart of one foot, from centre to 
centre. Slabs of stone, bricks, or board, with concrete thereon, form the 
body of the floor; and on this are laid boards, Minton tiles or Mosaic 
work as a surface. 

Fig. 1 shows the general arrangement of girders and joists in plan. 

Fig. 2 is a cross section, taken on line AB in Fig. 1, of a floor 
composed of iron girders and rectangular wooden joists, with concrete 
between. The concrete is supported by short boards, fixed on fillets be- 
tween the joists, and the floor-surface is formed of Minton tiles, laid in 
Portland cement, on the concrete. The boards are either bevelled and 
lapped, or tongued, grooved and beaded. 

Fig. 2A is a cross section of the above, on line CD, to an enlarged 
scale. 

This description of floor is used in the New Secretariat Building ; it is 
finished off underneath as a ceiling, by boxing the iron girders, and cham- 
fering the joists and surfaces. 
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Fig. S is a similar arrangement of girders and joists, but in which the 
concrete is supported on slabs of Porebunder stone, 2£ inches thick, laid 
on the top of the joists. 

Fig. 3 A is a cross section of the same to a large scale. This floor is 
largely used in all the Public Buildings, and is finished off below by 
painting the under surface of the slabs white, and the wood-work a suitable 
light color. 

A similar form of floor is used in some buildings haying, however, the 
girders of teak wood, instead of iron. 

Fig. 4 is an arrangement of wooden girders and wedge-shaped joists, 
between which bricks-on-edge are jammed by the shape of the joists. On 
these concrete ; and teak boarding, tongued and grooved, forms the floor 
surface. The ceiling below is formed by teak planking, with bevelled 
edges, which is varnished. 

Fig. 4A is an enlarged cross section of the above, on line CD. This 
class of floor is largely used in the new Public Works and Post Offices, and 
in the Native General Hospital. 

Fig. 5 is a cross section of a flooring, used in the Sasaoon Mechanics 
Institution, formed of brick arching, concrete, and Minton tiles, on iron 
girders. Fig. 5A is a section of the same at right angles to the girders, 
and line of arching. 

The ceiling below is formed of ceiling joists and painted boarding. 

Another class of flooring, not shown in the drawings, is similar to that 
represented in Fig. 4, except that concrete (kept in position while setting 
by temporary boards) is used, instead of bricks-on-edge. The floor sur- 
face is formed of Minton tiles, and the ceiling is of varnished teak planking. 
This construction was adopted in the Elphinstone College Buildings. 

The concrete used in the floors is formed of equal parts of Porebunder, 
chips and mortar, the mortar being made with equal parts of Salsette lime, 
and sand, ground in a bullock mill twice, at an interval of four days, 
the grinding being continued for 2 hours each time. 

The Minton tiles are the encaustic tiles, made under patent in England. 

The Mosaic work floor surface has been recently introduced as an ex- 
periment into Bombay by an Italian firm, and is laid down in the New 
Post Office. It is formed by small cubical pieces of marble, of various 
colors, embedded in a matrix of cement. 

The cubes are arranged to form patterns and are afterwards rolled in, 
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the surface being then polished. The cost is from Rs. 1-8 to Rs. 2 per 
square foot. 

The eflect is very good, but its lasting powers remain to be tested. 

The following is a Table of the dimensions of the various parts of the 
above floors: — 



Names of buildings. 



Girder* 10 feet apart. 



Joists 1 foot apart. 



Span in feet. 



Scantling in 
inches. 



Span in feet. 



Scantling in 
inches. 



New Secretariat, 

The Iron girders are 
as shown in drawings, 
the span being 80 feet 



Public Works Offices, 



Post Office, 



Native General Hospital, 



25 to 26*5 



19-5 



20 to 28 

25 to 27 

82 



18 to 20 
21 to 24 



b. d. 
12' X 18' 



9 to 11 
20 
25 



10* X 16* 
12* x 18' 



10 



12* x 18" 
18' X 20* 
14* X 22* 



7* to 10 

10 ,,11* 

15* „ 19* 



10* X 18' 
12* x 18* 



7 to 4* 



b. 




d. 


8' 


X 


8* 


3,' 


X 


11* 


4' 


X 


12* 


8* 


X 


8* 


8* 


X 


8' 


8,' 


X 


9* 


4* 


X 


10* 


8* 


X 


V 



The weights of these floors and of the materials composing them are 

as follows : — 

Iron girders, flanges, • 4 LironsS' x 8' x V 

2 plates 7J' x \' 
Web 22" x i' 
Span 80 feet ; length 82 feet ; weight 27 J cwt 

Teak wood, 42 lbs. per cubic foot 

Porebnnder slabs 24 inches thick, . . 186 „ „ 

Brick, 102-8 „ „ 

Concrete, 95 „ „ 

Minton tiles {% 147 „ „ 

Structural weight of floors from 80 to 90 „ „ 

Casual weight, a crowd of people! 84 to 90 „ „ 
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The component parts of the above " structural weight" are as follows : — 
9*5 to 8*1 lbs., per square foot of floor. 
I 6*8 „ „ „ 



Iron girders, 
Wooden do., 
12* x 18* ayerage, 
Joists S* X 8*, 
Average, 

Forebnnder slabs, 
2\ inches thick, 
Concrete 3* thick, 
Minton tiles, • • 
Boarding 1' thick, 
Fillets 2* x 1', 



7-0 

28-4 

87-0 
62 
fr5 
1-2 



Bricks, .... 44 to ,54 „ „ „ 

The following is the cost in Bombay of the several items of work in 
floors of about 24 feet span per 100 superficial feet of flooring. 

204 c. ft Basalt bed plates or templates, @ 
5*90 cwt Wroaght-Iron girders, 
12*24 eft Teak girders, 
1763 „ „ joist, 

•70 „ „ wall plates, 
10000 s. ft Slabs of Porebunder stone, 
25 to 83 c ft Concrete, 3* to 4* thick, 
100 s. ft Minton tiles (6*. pattern), 
Note. — The price of concrete includes consolidation, and upper surface of plaster 
of fine chnnam. 



RS. A. P. 


BS. 


@ 2 per c ft., . 


408 


@ 13 „ cwt, 


7670 


<§> 8 12 „ c. ft, . 


45-20 


@ 8 80 „ n 


61*80 


@ 8 „ „ 


210 


@ 120 per 100 a f., . 


120*00 


@ 130 „ „ eft,. 


84 to 45 


<$ 70 00 „ 100 No., . 


70-00 



Bombay, ) 
28tA March, 1872. ) 



J. H. E. H* 
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No. XLIV. 



ON THE MODULI OF ELASTICITY AND ON DEFLEXION. 



By Liettt. Allan Cunningham, R.E., Hony. Fellow of King's 
College, London, and Offg. Professor of Mathematics, Thomason 
C. & College, Roorkee, N. W. P. 



This paper is an attempt to harmonize several sets of formulas and tables 
relating to elasticity and deflection, which without some explanation ap- 
pear discordant: as a matter of fact the want of this explanation in 
received text-books proves a matter of considerable confusion to Students. 
The quantity termed " co-efficient " or " modulus of elasticity, " and 
denoted by the letter E., is indifferently applied by many writers to three 
distinct constants expressing three distinct physical properties of any one 
material. 

They are all three really only the quantitative expressions of Hooke's 
law of elasticity, viz., " ut tensto sic vis" i.e., that stress is proportional 
to strain within certain limits (called the limits of elasticity), under the 
three principal applications of external force, viz., Extending, Compres- 
sing, and Transverse. 

The values of E corresponding to these three different applications of 
external force should be derived from experiments on loads applied in 
each of these three manners. 

These values of E may be distinguished as follows :— 

Et derived from experiments on extension under tension. 

Ee „ „ contraction under compression. 

E4 „ „ deflexion under transverse load. 
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The practical usefulness of this paper is in pointing out the numerical 
relations between these quantities, which are important for the reason that, 
in most Treatises on Higher Applied Mechanics, Et is the quantity used 
throughout all formula and investigations, but the numerical value of E* 
is alone accessible for many materials, (this is certainly the case with 
Indian woods,) and the particular Ed of different tables is different. 

Determination of Et and Ee. 

Extension and Compression being both direct in action and normal to 
the transverse sections of the material strained, the quantities Et and E« 
are derivable from the same formula, thus, 

If p = intensity of stress in lbs. per square inch of transverse section- 
I =z length of piece to be experimented on in inches. 
II zz strain, (i.e., extension or contraction) produced by the stress p 
in inches. 
Then by Hooke's law of elasticity, 

II : I = p : a constant quantity (provided the intensity of strain 
U -~ I does not exceed the limit of elasticity). This constant is what is 
denoted by E. 

••• E = &.* 

E is of course either Et or Ee according as the strain is an extension 
or contraction. 

It is a remarkable thing that the strains, i.e., extensions or contractions 
under equal loads are for many materials approximately equal, and that 
consequently Et and Ee are approximately eqnal. It seems to be generally 
accepted in the profession that for practical purposes the values of Et and 
Ee may be assumed to be equal in building materials. In fact all the pre- 
sent treatment of Higher Applied Mechanics depends on one consequence 
of the above, viz., that the neutral surface of a beam under transverse load 
passes through the centre of gravity of every section. 

It is especially to be noticed that the direct experiments necessary for 
the determination of Et and Ee, (and more particularly of Ec) are very 
expensive and difficult. But on the assumption that they are equal, the 
value of E, (i.e., Etor Ee) may be determined indirectly through experi- 
ments on the deflexion of beams which are far less expensive and easier 
of execution than those on direct extension and contraction. 
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A straight beam of uniform rectangular section is placed on two sup- 
ports on same level, and loaded at its middle. 

Let I = clear distance between supports in inches. 
L = the same in feet. .\ L = / -f- 12 

b = breadth of beam in inches, d = depth of beam in inches. 
W = total load applied at middle in lbs. 
I == deflection at middle produced by W in inches, (i.e., neglecting 
the weight of beam). 

Then it is proved by theoretical writers* ( provided the limit of elas- 
ticity is not exceeded ) on the three following assumptions.— 
(1). Hooke's law of elasticity. 
(2). That the neutral surface passes through the centre of gravity of 

every cross section ( i.e., that Et = E« ) 
(3). That the total deflexion 3 is small. 

Thea 8 = a^tis whence E t = 



From this equation, E may be calculated if 5 be observed. 
On the co-efficient Ed. 

The most important writer, both as experimentalist and theorist on 
this quantity is Peter H. Barlow. The experimenters on the Indian 
woods seem all to have followed his method, and have deduced Ed (not 
Et which has been already indicated as the most useful) from their experi- 
ments. 

Barlow's chief merit is as an experimentalist: in his attempt to con- 
struct formulas theoretically for cases not experimented on, he is not so 
successful, and has made at least one serious mistake, which has unfortu- 
nately been copied into some of the Indian text-books. 

His method is as follows*)-. He investigates theoretically the deflexion 
of a straight horizontal beam of uniform rectangular section, under the 
following four conditions : — 

Case (I). As a cantilever loaded at free end. 
„ (2). „ cantilever uniformly loaded. 
„ (3). „ beam supported at both ends loaded at middle. 

• 8*e Rankine'e Manual of Civil Engineering, 6th Ed., Art. 169. 

t Treatise on Strength of Timber, Ac., by Peter Barlow. London 1846. 
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Case (4). As a beam supported at both ends, uniformly loaded. 

He endeavors to establish that in each case the following quantity ^-^ 

is a constant quantity depending only on the material in each case within 
the limits of elasticity. 

Case (1). Assuming only (1). Hooke's law of elasticity. 

„ „ (2). That the deflexion 2 is very small. 

He proceeds to establish the differential equation of the deflexion curve, 
or " elastic curve, " assumed by the originally horizontal lines of the beam, 
and after integration by a method analogous to that still employed by all 

P W 
writers on physics, establishes the result ^-^-= a constant quantity, which 

he there denotes by E, ( i.e., Ed, ) depending only on the material. 

He also establishes the same result by a circuitous process of approxi- 
mation for the benefit of readers not acquainted with the integral calculus. 

Case (2). By the same circuitous process he establishes that in this case 

g- . -jrjr- = Ed, the same constant as in Case 1. 

Case (3). He endeavors to establish this case from general considera- 
tions without reconsidering the form of the deflexion curve, and herein 
he decidedly fails. The writer considers Barlow's line of argument in 
this case (from general considerations) an unsafe one, requiring very 
great caution, as it involves several mere assertions (unproved) as pre- 
misses. 

His principal premiss is that this case is similar as regards stress (called 
by him strain) to that of the same beam supported freely at its middle, 
with the projecting free ends loaded each with half the load. His inference 
is that the element of deflexion, and consequently also the whole deflexion, 
in the former case are respectively double of the element of deflexion and 
of the whole deflexion in the latter. 

This inference is (in the writers' opinion) wrongly drawn from the 
premiss. The inference naturally deducible appears (to the writer) to be 
that the two quantities, viz., the element of deflexion and whole deflexion 
are respectively equal in the two cases. 

This error of course vitiates the result which Barlow deduces, viz., 

PW 
£j . -g£~ =s Ed, the same constant as in Case I. 

The result logically deducible is (in the writer's opinion) that ^ 
-£j- . = Ed the same constant as in Case I. This mistake appears to 
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have been discovered by the author after the publication of the edition of 
1845 : the intermediate editions are not accessible to the writer, but at any 

P W 
rate, in the 6th edition in 1867, the correct inference, viz., that ^ . * - 

ss E d the same constant as in Oase 1, is drawn from the very same line of 
argument, reprinted almost verbatim, but without any remark as to the 
reason of change from the 1845 edition. 

Case (4). By a repetition of the processes as in Case (1), he shows that 
the deflexion at the middle in this case is § of the deflexion at the middle in 

Case (3), and consequently that f x ^ -^j- = E, the same constant as in 

PW 
Case (1), according to the edition of 1845, and that f x jV x -ct- = E, 

the same constant as in Case (1), according to the last edition (1867* 
The four preceding results were obtained for beams of the same breadth 

and depth. 

He afterwards establishes from the same two assumptions as before, 

that E oc j-p, so that his four formulae become after rejecting for simplici- 
ty's sake the factor 3. 

PW 
Case (1). -j-p+ = a constant quantity. 

PW 
„ (2). f . ™ = a constant quantity. 

PW 
i> (**)• A °f f or tV °* 5555 = a constant quantity. 

PW 
,1 (*)• * X & of, or f x ^ of ^ = a constant quantity. 

This constant quantity, the same Jor all the formulae (which is evidently 
thru times that used in the investigation) he proposes to denote by E 
(i.e. Ed). 

Having established the four preceding formulae on theoretical grounds, 
he proceeds to test one of them experimentally : the one chosen was Case 

P W PW 

(3), viz., that ^ and consequently -j^j- a constant quantity. 

This case was no doubt chosen in consequence of the greater facility of 
performing the experiment (on a beam freely supported at the ends, and 
loaded at its middle) than in the other three cases. 

The result was that from a very large series of experiments, this for- 
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mula (taken by itself) proved correct ; that is to say, it proved to be true 
PW 



PW 
that the quantity -rjr. zr a constant quantity depending only on the nature 



of the material 

Up to this point, it may therefore be considered to hare been established 
by Barlow, both theoretically and experimentally, that in his Case (3) the 

pw 

quantity -^j is a constant quantity depending only on the material, and 

PW 
that the equation -^ = a constant, is really the expression of a physical 

law. No experiments are recorded on the other three cases, so that no 
perimental test of the comparative correctness of the four numerical 
co-efficients 1, j, A> | X ^ was established. It has already been 
pointed out that these should be as 1 : | : ^ : $ x tV, as in the latest 
edition. 

It should now be noticed that the result established, both theoretically 

and experimentally by Barlow for his Case (3) that -r«T- = a constant 

quantity, depending only on the material is consonant with that obtained 
on theoretical grounds previously, viz., that in this same case of a straight 
horizontal beam of uniform rectangular section supported freely at both 

ends and loaded at the middle rtp* = Et> which is of course a constant 

for the material. 

The essential difference in the two modes of investigation is that Bar- 
low makes no hypothesis as to the position of the neutral axis, whereas 
writers who use Et usually make the additional hypothesis that Et = Ee 
which involves the neutral axis passing through the centre of gravity of 
each cross section. 

Determination of Ed. 

It has been observed that experiments on deflexion of beams are far 
more easily conducted than those for the direct determination of & 
andEc. 

Most of the recorded values of Ed have been determined from experi- 
ments on the deflexion at the middle of straight horizontal beams of 
uniform rectangular section freely supported at both ends and loaded at the 
middle, only in consequence of the comparative ease and inexpenaiyenees 
of experiments so arranged. 
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Unfortunately, however, the recorded values of Ed have been calculated 
by different experimenters from different formulae, so that although 

actually expressing the same physical property, viz., that ™ is a con- 
stant quantity for each material, they differ greatly numerically according 
to the units of measure used by different experimenters, and care is 
required in using tables of E (or Ed) in observing the units of measure 
intended. 
It is obvious that since 7-^ is a constant quantity, therefore also 

,=t- x (any numerical ratio) is also a constant quantity. 

Different numerical multipliers have been chosen by different writers, 
and sometimes even by the same writer in one book, so that -r^ x (some 
numerical ratio chosen by the writer) has been tabulated as E, (i.e., Ed) 
by different writers. 

The principal tabulated values of Ed are as follows : — 

NJ$. — A comparison of each with what is styled in this paper the 
Boorkee Ed (vide para. 5), which is most largely used in India is also 
given. 

(1). In Barlow's original theoretical investigation of 1826 and 1845, 

This is of little practical importance as it is not used in tables. 

(2). In Barlow's first tables. 

" Essay on Strength and Strew of Timber, " 3rd Edition, 1826. 

" Treatise on Strength of Timber, &c." New Edition, 1845, (Art 61). 

Also in some Indian Tables. 
" Gleanings of Science," May and August 1829, VoL L (Experiments by Captain 
H- C.Baker). Calcutta 1829. 

* " Scantlings of Timbers for Boofs," by Peter Eeay. Boorkee, 1865, vide 
Tables I to IV. 

« Scantlings of Timbers for Boofs," by Ensign Peter Eeay, vide Tables I to IV. 
2nd Edition. Boorkee, 1872. 

E d = ^ = 1728 x Roorkee E d . 
This might be called " Barlow's first E d ." 

(3). In Barlow's fonr formulae (Art. 108), and in the tables (Art. 
104) of the 
" Treatise on Strength of Timber, &&," 1845. 

• The numerical quantity actually tabulated la called 82 B and said to be equal to ■— k wbtch Is 
the bum at the quantity B d in Fan. (J). 
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Ea = A J^ = 54 x Roorkee Ed. 

This might be called " Barlow's second Ed." 
(4). In the latest editions of Barlow's works 
" Treatise on Strength of Timber, &c " 1867. 
and in some Indian Papers — 

u Professional Papers on Indian Engineering w Vol. VI., Roorkee 1869. Paper No. 
CCXIV " Experiment on Dharwar Timbers, " by J. H. E. Hart, Esq. 

Ed s ^ ^ = 108 x Roorkee Ed. 

This might be called " Barlow's third Ed " 

(5). In some of the Indian Tables — 

u Description and Strength of Indian and Barman Timbers," by Conductor T. 
W. Skinner. Madras, 1862. 

« Prof essional Papers on Indian Engineering " VoL I., Roorkee, 1863. Paper 
XXVIL, « Scantlings of Timbers, Mysore, " by Major R. H. Sankey, R JL 

Thomason C. E. College Manual, No. EL, " Strength of Materials,'* 5th E<L, 
Roorkee 1869. 

"Roorkee Treatise on Civil Engineering in India, " by Major J. O. Medley, RE. 
2nd Edition. Roorkee 1869. 

* Scantlings of Timber for Roofe," by Ensign P. Keay, 2nd Edition, Roorkee 1872. 

"Professional Papers on Indian Engineering " 2nd Series, VoL L, Paper XL. 
M Indian Timber Trees, by Major A. M. Lang, R.E. 

Ed = ^J the " Roorkee" Ed 

N.B. — This co-efficient being nsed in the Thomason Civil Engineering 
College text-books might be called the Roorkee E d . For practical 
calculations it is very convenient on account of its being much smaller 
numerically than the Ed of other tables. 

Comparison of Ed with Et and E c . 

As Barlow's theory and experiment are the source of all the determina- 
tions of Ed, the following comparison of Ed with Et and Ec will be made 
by comparing his fonr deflexion formulae (Art. 103 of his " Treatise on 
Strength of Timber," &c), after introducing the correction explained above 
with the formulas for deflexion {under the same circumstances) which 
involve Et. 
• It will be remembered that it is assumed that Et = Ec practically. 

The results of comparison are given in the table below. 
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Comparison of E d and E t . 



469 • 





Conditions. 


Barlow's Deflexion Formulae, only appli- 
cable to solid, straight, uniform 
rectangular beams. 


Deflexion formula 
for solid, straight, 
uniform rectangu- 
lar beams from 
Rankine's Manual 
of Civil Engineer- 
ing 6th edition, 
1870, Art. 169. » 


3 


Support. 


Load. 


Original as in Edition 
1846. 


Corrected as in Edi- 
tion 1867. 


1 


Fixed at one 
end, 


At free end, 




PW 


PW 
* = 4 -E t .toP 


2 


Fixed at one 
. end, 


Uniform over 
length, 


3 PW 


8 PW 


3 PW 
5 — 2"E t .b<P 


8 


Supported at 
both ends, 


At middle, 


1 PW 

32 'Ed. to* 3 


*_ 1 PW . 1 PW 
16'Ed.toP 4'E,. b<P 


4 


Supported at 
both ends, 


Uniform over 
length, 


5 1 PW 
8*32 'Ed. b<P 


5 1 W ^ 5 PW 




8" WEd.bd 3 


32*E t . b& 



It will be observed that Barlow's four formulae are after correction, as 
in the latest edition, (1867), perfectly accordant with those involving Et, 
and that E t = 4 x Ed of the formulae of that edition. 

N.B. — This Ed is that derived by experiment from the formula 

Ed = j|^_ styled above " Barlow's third " E d . 

Therefore Et = 4 x (108 x Roorkee Ed). 
= 432 x Roorkee Ed. 

Reciprocal form of Ed. 

A modified form of the reciprocal of this co-efficient was introduced 
by Tredgold (Elementary Principles of Carpentry, Ed. 1853), which is 
specially suited to Carpentry. 

It was considered by Tredgold that timbers used in carpentry should 
have as a maximum deflection — of their clear span (equivalent to a de- 
flection in inches of ^ of clear span, in feet), i.e., i = -j^ = — . 
Since for straight horizontal beams of uniform rectangular section, loaded 
at the middle -r^- = a constant quantity, therefore also • LJW is a con- 
stant quantity (Tredgold denotes it by a, and has tabulated its value 
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calculated from this formula, a = L<w for most timber woods used in 

England). 
This form of co-efficient is specially convenient in carpentry if the rate 

of deflection of i = -jj be the one decided on as a maximum, (bat not 

otherwise), for substituting it in the formula there results the following 
formula very convenient for practical use, b(P = o . L* W. 

This formula is of course applicable only to straight horizontal beams 
of uniform rectangular section. 

Tredgold gives the modifications of it for Barlow's four cases correctly, 
and also for cylindrical beams. 

This co-efficient which may perhaps be called Tredgold's co-efficient 
has been calculated (in preference to Ed) by some of the Indian experimen- 
talists. 

"Notes and Experiments on the Stone and Timber of the Gwalior Territory "by 
Major Alexander Cunningham, B.E. Roorkee, 1853. 

Tredgold's co-efficient is denoted in this by S. 

" Professional Papers on Indian Engineering " (Second Series,) VoL L, Piper 
XL VIII., * Experiments no Andaman Woods," by J. Bennett, OE., Roorkee, 1872. 

40 b(P8 40 



Since a = 



L'W (the Roorkee) Ed 



,\ the Roorkee Ed = — 

And R = 482 x — = 17280 x — 
a a 

Tredgold introduces another modification of the reciprocal form of k, 
intended to simplify the formula for cantilevers. Theory indicates that it 
should be 16 x a: he denotes it by b. Thus Tredgold's b = 16 X Tred- 
golds a (theoretically). Its use is evidently very limited, as cantilevers 
are not much used. Very few direct experiments are recorded by him, 
and the results are irregular, (as he acknowledges), probably in consequence 
of the early experimenters not foreseeing that unless the manner of fixa- 
tion was quite similar in all experiments, the results could not be expected 
to be numerically accordant : thus some of the cantilevers experimented on 
yr ere fixed not at the point of support, hut at some little distance from it 

The term " fixed at one end " is now understood to mean that the 
neutral axis of the cantilever is immoveablyJfceaJ tin directum at rtejww* 
of support. Experiments in which this condition was not complied with 
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are useless for determining b directly. From the irregularity of the values 
of bj obtained from direct experiment the writer considers it preferable to 
use its theoretical value b = 16 x a. 

Remarks on Barlow's and TredgoloVs Formula. 

It is to be observed that the utility of Barlow's four formulae (even 
when corrected) and of Tredgold's formulas is greatly limited by their not 
containing any factors to suit them to other forms of cross section, and to 
other distributions of load than those which were considered in the inves- 
tigation, viz., solid straight horizontal beams of uniform rectangular see* 
tion, and of circular section (in Tredgold's). General formulae applicable 
to any case whatever are given in Art., 169 of Bankine's " Manual of Civil 
Engineering/ 1 6th edition, 1870, and somewhat more fully in Art. 300 to 
804 of Bankines' " Manual of Applied Mechanics," 3rd edition, 1864. 

As these formulae in their general form involve several integrations, 
they are certainly somewhat difficult of application, but to meet the 
wants of the practical man (t.*., to save the necessity of this labor) a 
table of the result of integration is given for thirteen cases, most likely to 
occur in practice, so that for these cases they are easily applied. These 
formula) involve Et, the modulus of direct tensile elasticity. 

The influence of Barlow's writings, which were followed by Tredgold, 
has been very great in India so that unfortunately the value of Ed or of its 
modified reciprocal a is the only co-efficient of elasticity usually accessible 
for Indian woods. 

The relations established in this paper, viz., 

Modulus of tensile elasticity Et = £ x " Barlow's first" Ed. 

= 8 x " Barlow's second " Ed. 
= 4 x "Barlow's third "Ed. 
= 482 x "the Boorkee" Ed. 

17280 

Tredgold's co-efficient <*• 

will enable the modern English formula of Higher Applied Mechanics 
to be applied to Indian practice. 

It is to be regretted that the number of experiments recorded on the 
Indian woods are so few. 
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No. XLV. 
THE MOUNTAIN TRAMWAY. 

(Vide Plates Nos. XXXVIXL, XXXTX, and XL.) 



A paper introducing to public notice several devices by which the water- 
power of the mountain streams can be utilized as a propulsive power, 
on inclined Tramways. By the late William Sanderson, C.E. 



Introduction. — The project for the application of the invention styled 
the hydraulic propeller on mountain tramways to the outer Himalaja— 
is recommended as a substitute for heavy and expensive Railways. 

The mountain tramway, too slight for the steam locomotive, was de- 
signed (previous to the above-named invention) especially for the uoli- 
Eation of the water power of mountain streams, and for winding up the 
valley slopes without disturbing the surface where road making would 
cause landslips ; its carrying powers under ordinary means of traction 
are very low, and it appeared unadvisable to construct a tramway on 
which so small a load could be carried, till the idea of the troughed 
channel and the water-wheel suspended from the car, permitting the 
repetition of the passing load, occurred and solved the problem. 

This light tramway without the channel would be a valuable adjunct 
to the Ganges Canal, laid on its banks and worked by its water falls, 
with rope traction, or propulsion by atmospheric pressure. 

A Railway has already been projected passing Roorkee, and following 
the canal bank to Hurdwar, which will involve large outlay for bridging 
the several mountain torrent beds ; it is suggested that the design for 
the mountain tramway be adapted in its stead. 

In the consideration of the best means of applying a retarding and 
arresting power to the car on mountain tramway, the idea of a new form 
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of steam carriage road for the plains, occurred, whereon the friction 
roller brake can be applied, so as to remove the necessity for the ponder- 
ous locomotive, and the concave wheel tires. 

Reference is made to the water power of the doabs, and of the highlands 
of Central India— of the value of the water power in India there can be 
no doubt, and the invention here introduced to public notice has given 
occasion for general suggestions. 



Reviewing the History of Railways, as far back as the early part of the 
17th century, wooden tramways were used in the Collieries in Northumber- 
land, carrying two to three tons upon small flanged wheels ; but little coal 
was then worked except for domestic use. A hundred years or more 
later, Iron was produced in large abundance, and a Northumbrian introduc- 
ed the edge rail of cast iron, spiked to a plug in a stone sleeper, and then 
men began to look for more powerful traction than animal power, but it 
was not till 1825 that the locomotive was ventured upon, and a new 
developing force gave an acceleration to the advancement of manufactures, 
and to such an enormous extension of steam power, that the very small 
water-power the country had made use of was overlooked. Steam power 
was adopted by the nations of Europe, generally, with similar, though 
smaller results. 

In India although there is a scarcity of water power, away from the 
mountains, steam has not been so generally introduced by the directors 
of labor in official departments ; but those dependent on their own resour- 
ces, as the Contractors on our Railways, Planters, Manufacturers and 
others, have wisely availed themselves of steam power, and have been to 
a slight extent imitated by the departments. But so entirely has the 
English mind been taken up with the idea of extending steam power, that 
steam machinery is employed at Roorkee on the Ganges Canal in which 
a 80,000 H. P. is running to waste, and even when workshops have been 
established by untrammelled Englishmen, as on the mountain slopes over 
the Dhoon west of the Jumna, steam power has been adopted within a 
few miles of a large water power. Now that the extension of the Railway 
system in the plains has been secured, attention may be drawn to the 
outer slopes of the Himalayas between the Sutlej and Nepal, an area of 
20,000 square miles containing numerous vallies, culturable plateaus, ex- 
tensive mineral deposits, iron works, and tea plantations. 

VOL. I. — SECOND SERIES. 9 H 
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Railways to bear ponderous locomotives and trains are too costly fer 
the hill country ; eren in the plains, in those districts where population 
and natural resources are scarce, the cost must tend to retard the extension 
of Railways, except where there are military and pofitieal requirements to 
warrant large expenditure on lines thorough distiicts without commerce. 

The utmost possible reduction of the cost of Railways in the plains will 
not bring it low enough for the hill cowntry : ordinary Railway works cost 
fire times as much in the hills as in the plains, and the lowest safe esti- 
mate for the latter being £2,500, in the former it is £12,500 per mile; 
and in addition to this great cost, there is a further obstacle to the con- 
struction of permanent Railways for heavy running loads, in the liability to 
landslips which arises from the disturbance by road making, of the surface 
of mountain slopes. 

To return to water power m India generally, admitting its scarcity 
oyer vast areas, and the almost universal necessity for the steam locomo- 
tive on Railways, and the steam engine for the purposes of the manufac* 
turer ; it must be noticed, that in the rivers rising in the Highlands of the 
Peninsula and running eastwards, and in those rising in Central India, there 
is contained an available water power for use a» a tractive force— or for 
manufactory machinery. This* is however merely suggestive, the present 
object is especially to note the value of the several streams flowing out 
the Himalayas (varying m capacity from river currents to the smallest 
rills,) as a motive power, to work tramways penetrating the hill eountry : 
which power may be applied in different modes. 

First — By rope traction by stationary engines acted upon by the moun- 
tain streams ; the friction of ropes to convey their power to the carriages 
would necessitate the fixing of a water wheel and winding machinery at 
four mile distances. Rope traction could be adopted on the light moun- 
tain tramway by placing the cars of a train separately, 100 feet apart at- 
tached by a rope — the load being thus spread over the line, say 10 ears of 
5 tons each. The same stream conveyed m an artificial channel on the 
hill side parallel to the line would be available at each winding apparatus, 
if conducted at a gradient less than that of the tramway to the next station 
where a fall should be provided. 

Second. — By the use of condensers : by the water worked Stationary 
Engine, air may be forced into hollow metal spheres or air reservoirs, a 
pair of which being placed on the tramway car in conjunction with a pair 
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of cylinders and pistons, by mechanical contrivance alternate action may- 
be obtained on the piston; or a pair of reservoirs may have alternate 
action on one cylinder of 40 strokes per minute, which with a driver of S 
feet diameter would give five miles an hour. 

Third. — The same fixed Stationary Engine might be made to coil 
India rubber or other elastic bands on spindles, which being placed on a 
car specially constructed, (with the bands attached to suitable machinery, 
and left to uncoil,) would become propellers* The use of elastic bands 
tightly coiled by machinery, then placed on cars, and giving motive power 
by uncoiling, is an American invention; the cost of winding the bands by 
steam machinery was found to be too great, and this mode of propulsion 
was abandoned after a short trial at New York. 

Hope traction may be worked over the summit of an incline if not too 
long. The air engine is suggested also for short inclines leaving the 
water channel. The elastic bands not being of great weight, a sufficient 
number may be carried for 10 miles. 

There are still other methods of applying the water power of mountain 
streams to the working of tramways. 

One is the " Atmospheric Railway " principle which is more than two 
centuries old. The idea, M. Papin's, was not worked oat till after the 
birth of steam power; it is still in use between Kingstown and Dalkey. The 
principal of the apparatus is atmospheric pressure through a tube laid 
continuously between the rails, having on the upper face a longitudinal 
«lit, through which an arm attached to the Railway car, passes, and 
within the tube is attached to a piston fitting the inside. The slit is ' 
provided with a lip which the compressed air in its passage behind the 
piston closes, the end of the tube is left open, and the air drawn out by 
machine worked air pumps. Nothing could be more easily arranged than 
a water worked engine to exhaust the tube of air, in front of the advanc- 
ing piston attached to the car. 

The next is the most simple arrangement that can be made, the least 
costly both in way and rolling stock : it is best described in the the Specifi- 
cation of Invention styled the 

Hydraulic Propeller on Mountain Tramway. 

This Invention consists in the first place of an ordinary water wheel 
of any form, whether an exposed or boxed wheel, revolved by water flow- 
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ing in a channel especially constructed, by which vertical revolution can be 
communicated to a pair of wheels running on rails or trams, and ascending 
an incline of 1 in 100 to 1 in 10. The dimensions of the water-wheel 
may vary according to the water power available, or to the traffic require- 
ment; as a general rule, the diameter of the water-wheel should be six 
times that of^the running wheels. The dimensions fixed upon for the 
drawings accompanying this specification are — 9 feet diameter of water- 
wheel, and 18 inches the diameter of running wheels. 

The shaft or axle of the water-wheel must extend over the trams, and 
for an especial reason these are placed 6 feet apart. The axle to be of 
steel bar l£ inches square, and to have a running wheel affixed to each end 
of cast-iron 18 inches in diameter, with a wrought-iron inner flange, pro- 
jecting an inch over the tyre. The wooden nave to be fitted on the middle 
of the axle, to be 2 feet 9 inches in length, and 4£ inches in diameter, and 
to be pierced for 11 pairs of radial arms, 2 feet 6 inches apart, and 2 feet 
7 inches in length. These radial arms to be hard wood 1 inch square, to 
the ends of the pair of which, are to be fitted 1 1 floats of dimensions 2 
feet 6 inches by 1 foot $ inches. The floats to be made of wood and sheet 
iron, the wood to be pairs 1 foot 8 inches length, 1 inch square, and 
grooved to receive the sheet iron. The joints and radial arm and float 
frames to be connected and tied by £ inch iron rod on both sides, the 
floats to be at an angle of 25 degrees from radial line, and secured in position 
by oblique ties from a joint of radial arm and float frame to the tip of the 
next float, of £ inch iron rod, and the tips of the floats to be tied by j 
inch iron rod on the periphery of the water-wheel. 

The form and dimensions of the water-wheel herein styled the "Hydrau- 
lic Propeller on Mountain Tramway" are given in Figs. Nos. 1, 2 and 3 
of the drawings annexed to this article. 

This Specification of invention has reference in the second place to a 
form of Tramway consisting of a channel, placed midway between and 
parallel to a pair of trams or rails, and below the level of rails to a di- 
mension equal to radius of water-wheel, minus radius of running wheel, 
plus tV radius of water-wheel : or, according to the dimensions fixed upon 
for the drawings, the space below the surface of rails or trains to bed of 
channel ss 4 feet 6 inches— 9'" + 8" = 4 feet. 

From the foregoing, it is ascertained that the water-wheel with shaft 
or axle on the ends of which are running wheels one-sixth of the water- 
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wheel in diameter, the whole rigidly fixed in all parts, constitutes the 
" Hydraulic Propeller." 

And a pair of trams or rails with gauge to fit that of the pair of run- 
ning wheels on the shaft or axle of the Hydraulic Propeller, with a 
trooghed channel between the rails to receive the floats or fans of the pro- 
peller, constitute the *' Mountain Tramway." 

The mode of working the Mountain Tramway by the Hydraulic Pro- 
peller is as follows : — 

The Propeller being placed with its running wheels on the trams, and 
its floats within the troughed channel ; water being permitted to flow in 
sufficient volume within the channel, will cause the water-wheel to revolve, 
and the revolution will be communicated to the running wheels on the 
trams in an ascending direction on the incline. 

The rate of progress on the ascent will be equal to half the velocity of 
the stream within the channel, and will therefore decrease with the rate of 
inclination. 

The dimensions of the water-wheel in diameter, breadth and size of 
floats, will vary with the rate of inclination, and as a water-wheel of di- 
mensions according with any given rate of incline, cannot be worked on an 
incline of different ratio, it is essential to preserve one rate of inclination 
for as great a length as possible, and advisable to increase the rate of 
incline progressively on the ascent. 

To make the motive power (obtained as described,) available for the 
conveyance of goods and passengers, the two running wheels of the pro- 
peller are connected longitudinally by a pair of light frames with two or 
other pairs of running wheels, one pair in front, and one pair behind the 
propeller, and these other pairs of wheels are connected by axles of square 
1£ inch steel bar. Bushes are to be fitted in the ends of the pair of light 
connecting frames, to receive the axles of the other pairs of wheels, and on 
the centre of the frames, a half bush with bridged hinge, will receive the 
axle of the propeller, which is thus made movable, to admit of the 
propeller being detached and lifted out of the water when descending the 
incline, or when necessary to stop in ascending. 

The propeller may be lifted out of the carriage frame either by 
a lever or a screw. The half bushes to be provided with friction 
rollers. 

The axles of the propeller and outer pairs of running wheels to be 
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rounded off, and reduced to an inch in diameter to it the boshes in the 
carriage frames. 

The carriage will be constructed of iron rod, and wire netting in con- 
nection with the frame; the form and dimensions are shown in Fig. 4. The 
weight of the propeller is 180 lbs., and the carriage body with two pairs 
of running wheels 904 lbs. A passenger carriage load with luggage, 
with two natives with tools will be 1250 lbs., and the total weight of 
propeller and loaded passenger carriage lbs. 3384. The weight of pro- 
peller and goods carriage will be 1500 lbs., and weight of goods may be 
4000 lbs. on the higher inclines. 

The greatest load of goods it is proposed to carry including weight of 
propeller and carriage is two tons. The following table shows the load 
capacity of propeller on tramway for varying rates of inclination : — 

TABLE. 
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The manner of placing and fixing the troughed channel in its proper 
position within the trams, will rary with the form of general construction 
of the Mountain Tramway. 

For considerable lengths the Tramway may be constructed of masonry 
on the surface of the ground, with section given in Fig. No. 5 without 
interfering with the waterway. 

Where extensive waterway must be provided, or in crossing unavoid- 
able depressions, the design is a simple combination of iron, timber, and 
wood framing ; which is practicable, from the light load it is proposed 
to run on the Tramway. This form of structure is so light, that it may 
be borne on timber frames, above the surface of the ground, over those 
portions of the line where the necessity for expensive masonry works 
would attend a permanent railway intended to bear ponderous locomotives 
and heavy trains. The design for the mountain tramway in this case 
(Fig. 6,) is described as follows : — 

Iron round bar 1 j inch is formed into lengths of 72 feet stringers, 
there are two pair of iron bar stringers placed 6 feet apart horizontally 
and vertically; the vertical pair are connected by wooden posts 6 feet 
apart longitudinally, these posts being connected again by iron rod dia- 
gonal ties, thus the two vertical pair of iron bar stringers, with posts 
and diagonal ties, form a pair of lattice girders of the lightest possible 
construction, and these u stringer lattice gilders " rest upon timber treBS- 
els which may bear the structure 25 feet above the surface of the ground. 
For greater heights the supports should be of cast-iron or of masonry. 

The stringer lattice girders are connected transversely by the cross 
bearings of the troughed channel, and tied by the framing which supports 
the troughed ehannel. 

The weight of this structure for 72 feet span will be 7500 lbs. or 3-8& 
tons. The tenacity of the 2 pairs of stringers, not including that of the 
rails and bearings, will be equal to 59 tons, and the greatest strain will 
he 7£ tons. The safe running load will be 10 tone. 

The form and dimensions of the mountain tramway on bearing frames 
are shown in Fig. & 

To meet the contingency of unavoidable crossings of mountain gorges 
and ravine like vallies, a combination of direct tension and compound 
Catenary suspension, has been designed for spans up to 500 feet of wire 
tope. The transverse ties and channel supports are similar to those of 
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the stringer girder on bearing frames. This design to apply wherever 
the tramway is more than 75 feet above the surface of the ground. 
{Fig. 7.) 

In order to bring the centre of gravity of the moving load low down, 
and within the framework, the pair of Stringer Girders are placed 6 feet 
apart, centre to centre, and the trams being placed on the inner edges, the 
tramway gauge is 5 feet 6 inches, which admits of the load being sus- 
pended below the axles, and the bottom of the carriage 6 inches above 
the troughed channel, which is 1 foot 6 inches by 3 feet 2 inches in 
breadth. 

The sectional area of the stream within the channel on an incline of 
1 in 20, is 4 feet. The velocity is 17 feet per second, and the discharge 
68* cubic feet per second. 

Having thus described this my invention, as aforesaid, I hereby declare 
that what I claim as of the invention is — First, a wheel with floats after 
the manner of a common water-wheel, with an axle extending to the 
length equal to the gauge of a tramway, upon which run a pair of wheels 
affixed to the ends of the water-wheel axle. And a pair of frames con- 
necting the water-wheel axle, with axles of two other pairs of running 
wheels, thus transmitting the motive power to the tramway carriage. 

Secondly, the troughed channel to conduct the stream of water, to act 
upon the water-wheel, placed parallel to, and midway between the trams 
or rails as afore described. 

And lastly ^ the light form of tramway, in which iron bar, in the form 
of stringer girders, connecting and binding lattice work of wood and iron 
rod, the stringer lattice girders supported by bearing frames, over the 
parts of the tramway line where a large provision of waterway would be 
requisite, or over unavoidable depressions. 

And this invention is styled the " Hydraulic Propeller on Mountain 
Tramway." 

The design for wire rope suspension over mountain gorges and ravine 
like vallies, being a combination of direct tension and compound catenary 
is not a new invention. 



Thus a carriage of the lightest weight is substituted for the ponderous 
locomotive, which may be run on the lightest possible form of tramway, 
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yet fully providing for any requirements that may arise from extended 
traffic in the bill country. 

The rallies of the Kossilla and the Giree have been explored for the 
" Mountain Tramway/ 7 and it is estimated that the three forms of con- 
struction will be of length in proportion as follows : — 

Is*. — Masonry or ground surface 40 per cent. 

2nd.— On timber bearing frames 54 „ 

3rd. — Wire rope suspension 6 f , 

To meet objections to so fragile a structure it is observed — 
1st. — That the traffic requirements in the hills will be fully met by this 
tramway with a moving load If tons, including the propeller and car, 
seeing that a hundred cars may run separately, 100 feet apart, at the 
same time, worked by the power of the same stream. 

2nd. — Massiveness and rigidity of structure, involving enormous 
expenditure in the formation, bridging and permanent way, absolutely 
necessary to bear the weight ordinarily passed over railways, are not in 
any degree requisite for this mountain tramway, and in considering this 
structure, all ideas connected with permanent Railways must be set aside. 

The following investigation of weight, strength and bearing powers, 
proves that the structure is fully equal to all requirements for stability 
under the traffic load it is to carry. Extracting from details of specifi- 
cation and drawings, the weight of structure on bearing frames is as 

follows : — 12 feet span. 

ths. 

Iron bar stringers (4), 72 ft by 59, ... ... 1,619 

Diagonal Iron braces (36), 1 76 ft -875, ... ... 626 

Cast-iron rails 12-6 lbs. per yard, ... ... ... 600 

Fish plates, bolts, spikes, &&, ... ... ... 150 

Sheet iron channel, ... ... ... ... 517 

Weight of Iron, ... 3^412 

12 pairs Lattice posts, ... ... ... ... - 2,260 

144 feet Bail, bearing 3 ins. by 2 ins, ... ... 300 

Channel Sheathing and Bearing, ... ... ... 1,520 



Weight of Wood, ... 8,970 

Total weight of Structure, j *J 16 ^ 

Th* transrerse strength of the four Stringers is Ihs. 

1255 bv 4 by -7854, 125,521 

And of the channel, ... ... ... ... 7,280 

Ditto of Rails and bearing, ... ... ... 8,760 

Total transTerse strength, { ^ U1,6 ^ 

VOL. I. — SECOND PERIE8. 3 I 
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The total weight of structure is little more than one-sixth of its break- 
ing weight 

tons.' 
The greatest strain on the pair of stringer lattices is, ... 13*72 

_« , ... (4) 39537 X -7854 laAJIA 

The tenacity is — g^ , ... •.. ... 180*00 

The tenacity above strain of the whole structure of the stringer lattices, 43 48 

From the foregoing it may be deduced for 72 feet span that the strength 
of the entire structure is equal to the transverse strain, plus moving load 
by 412. 

The safe load is 5 tons, and it is proposed to nun 1£ tons, or less than 
one-third the safe load. 

The structure is altered for wire rope suspension by the substitution of 
the direct tension wire rope for the iron bar stringers. 

The tensile strength of Rues, wire of^to^is6to9 times per 
square inch that of a square inch of bar iron ; the cost is much greater, but 
the greater dependence on the wire renders it advisable to make the rope 
entirely of strands of ^ Ruse, wire* The following has been deduce for 

216 FEIT SPAN. 

Weight of structure suspended, 12 tons. 

The tensile strength of structure without the catenary suspension, is 

Direct tension, wire ropes 3375 square inches X 596 ... ... = 200 

In the cast-iron rails continuity would be destroyed, but as four 
fish-bolts of | would give a tenacity equal to half the 
tensile strength of rails and bearings, it should be substi- 

btttCO, ... ••• ••• ... ••• ••• lo 

Total tensile strength of structure, ... ... ... ... 218 

Strain at centre equals, ... ... ... ... ... 58 

The difference of tensile strength and strain is so great, that the latter 
need not be taken into account in providing for suspension. 

Wire rope of 323 strands of -fa Russ. wire would be 4£ inches in dia- 
meter, containing sectional area of iron of 1*69 inch, and a pair of ropes 
zz 3*375 inches, would amply provide against weight, strain of structure,, 
and high wind. 

The safe load sanctioned by the Lords Commissioners of the Admirality 
on wire cables,— that is, ship's strain at anchor under a high wind, is 
half the breaking weight : and a wire rope of the dimensions given wouU 
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sustain 90 tons, and a pair 180 tons, and the greatest strain that could be 
brought on the structure suspended over 216 feet span would be 60 tons, or 
one-third the breaking weight, which is — 

By Admiralty trials, ... ... ... ••• 180 tons. 

„ Hodgkinson's ... ... ... ... ... 200 „ 

The latter being received as most trustworthy by the profession generally. 

The propeller of 9 feet diameter can be used only where there is 
sufficient flow of water, either from a perennial stream of full, or by storing 
a stream of insufficient, capacity. Where water has to be accumulated by 
storage, the propeller could be run, say once in seven days, when the water 
flow should be permitted for a certain time, say six hours. Suppose such 
a tramway 20 miles in length, the flow of water in the tramway channel 
or six hours would work up 90 tons weight in 100 carriages, each carri- 
age provided with its propeller and following on in succession. 

For velocity and discharge in the tramway channel we have as fol- 
ows: — 

A = Sectional area of stream, 3*18 X 1*80 
WC = Wetted contour, ... ... 



i« ... 



r = Hydraulic mean depth _-= 7S , 
« = Gradient, 



.. ... 



— y* - 



V = 90 / — =s Telocity, 



... ... 



m 4134 


sq. feet 


... 5*78 


feet 


... 071 


»» 


... 20 




... 135 ft 


, per. sec 



,=9 °y f 



v=90 / — x *66 = velocity of perimeter of propeller, 7*6 „ 
I = Area of immersion of propeller float, 2*5 X 1*8, ... 2*95 sq. feet 



H = Horse-power = I (90 / *y* *56)» (V - »,) 



And a 4*20 horse-power propeller, ascending an incline of 1 in 20 at the 
rate of 6 miles an hour, would take a load of 2 J tons, as is shown in the 
table. See Specification of Invention. 

The tramway channel discharge on such an incline would be 72*21 cubic 
feet per second, so that a perennial stream of less capacity would have to 
be stored. Such a stream descending to the Kosi was measured as an 
experiment. In the driest season this spring stream gave 8 cubic feet per 
second, or 292,800 cubic feet in six hours. This stream, if stored in 
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eight reservoirs 120 * 12 x 12 feet each, would provide sufficient water 
to work the tramway for six hours once a week. 

The foregoing is to show that in the event of partial failure of water- 
supply, or in localities where it is scarce, the power can he accumulated in 
reservoirs at the summit, and along the line, for a tramway with propeller 
9 feet in diameter, and of corresponding dimensions. 

The cost of reservoirs would be Bs. 1,000 per mile, in addition to cost 
of tramway construction. 

It should not be omitted that this mountain tramway may be construct- 
ed to any dimensions, from a toy model to the largest upon which the 
necessary discharge would be manageable. 

A model tramway one-sixth of the proposed dimensions would give by 
computation — velocity 2| feet per second, velocity of perimeter 1^ feet 
per second, horse-power '068, and load capacity 80 lbs. Under experi- 
ment, a load of 135 lbs. ascended an incline 1 in 20, 25 feet in length, in 
9 seconds. This model tramway, with its small propeller and discharge 
in channel of only half a cubic foot of water per second, would take a 
maund in each carriage, and there might be a hundred carriages at once 
on the tramway, so that it would convey a traffic of 100 maunds per 
diem. 

And, if the subject of the cost were reduced to one of secondary consi- 
deration, the largest streams could be provided with a channeled tramway 
and propeller of the largest dimensions, within the limits of control of 
water power. The principle of this new invention may be carried to the 
extent of channel discharge of 3,000 cubic feet per second, giving 50 
horse-power on an incline of 1 in 80, with 7 miles an hour on the ascent. 
A work of such magnitude would, however, be enormous in cost 

At this period, any scheme for a tramway penetrating the hill country, 
must have for its object the accommodation of the military sanataria, but 
the mountain tramway with hydraulic propeller is designed especially for 
the ascent of vallies and ravines in which there are perennial streams of 
sufficient capacity. In the larger vallies, an altitude may be attained at 
distances beyond existing traffic, but the developement of agricultural 
and mineral resources, and the consequent increase of population may lead 
:n time to the spread of the tramway system over the plateaus distant 
from mountain rivers, and one or other of the several mothods of applica- 
tion of the water-power, described at pages 474,475 may be adopted to 
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reach localities where water is scarce, as would generally be the case at 
elevations 6000 to 7500 above the sea, distant from the rivers and their 
tributaries : bnt there are generally small rills which, with rain-fall, might 
be stored to work the tramway at timely intervals, of three to six days. 
The military and other hill settlements are already in the list of localities 
for which provision should be made, and it is in consideration of these 
that the several methods of extending the utilization of the water power 
of mountain streams has been suggested. Raneekhet for instance, 12 miles 
distant from the Kossila valley could be accommodated by storing water 
to work the propeller on the channeled tramway. The expenditure would 
be 756,000 cubic feet in three hours, the time requisite to pass up the tram- 
way from the Kossila valley to Raneekhet ; over a portion of the distance, 
probably a sufficient supply may be had from the stream running to Bhojan. 
A rill of one cubic foot per second, would keep up the supply for working 
the tramway every fifth day, and so would the rain-fall of 2 inches over a 
square mile, allowing for absorption and evaporation. 

The vallies of the Giree and the Kossilla may be taken as representing 
the nature of the ground to be passed over by any tramway ascent of 
mountain river openings, and the cost of construction may be approxi- 
mately estimated for any proposed line. 

Taking the proportionate length of the different forms as given on page 
481, the mountain traimway 50 miles in length, would cost for 

RS. 

The first form — masonry on surface of ground, 20 miles, ... 2,67,280 

The second ditto, on timber bearings, 27 miles, 5,23,515 

The third ditto, wire rope suspension, ... • 1,75,086 

Total cost of 50 miles, 9,65,881 

Mean cost per mile, 19,320 

A tramway car with propeller complete will cost Rs. 240, and the roll- 
ing stock of 80 to 109 cars, with stations and other requirements should 
not exceed Rs. 34,000, bringing the outlay on 50 miles up to Rs. 1,000,000. 
An important question arises, as to the mode of working the down 
traffic on the mountain tramway. The specification of invention has no 
provision for Brake power, beyond that obtained by raising and depressing, 
or partially immersing the p#peller blades ; at the time of filling the spe- 
cification this question was deferred for further study. This use of the 
propeller on the descent as a brake, is objectionable on account of the 
strain that would result thereon,, and it is necessary to have recourse to 
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some other mode of applying retarding force, avoiding undne strain on the 
tramway structure as well as on the car ; the results of the study of this 
question are given as follows : — 

Friction Roller Brake. — The gradients of a mountain tramway are neces- 
sarily steep, and it is necessary to have a brake power, other than that 
obtained by partially lowering the propeller ; moreover in the descent of 
an incline, it may be advisable, to meet traffic requirements, to load up to 
tramway safe point, when the propeller may be removed, and a pair of 
running wheels put in its place. In this case separate brake power would 
be requisite, which is provided by a pair of friction rollers, made to press 
against the inner side of the troughed channel by a cross lever acted 
upon by a screw in precisely the same manner as the ordinary Railway 
brake. 

In addition to this friction roller brake behind the carriage, a similar 
apparatus acted upon by a governor, when the arms are raised by centrifu- 
gal force at high speed ; the motion of the running wheels is given to the 
governor shaft by a pair of mitre cogs. At a speed of 20 miles an hour, 
the governor shaft would have 6*4 revolutions per second, and the gover- 
nor would be brought to act upon a cord, which is attached to a loose 
toothed collar, and drawing it in contact with a fixed toothed collar lock- 
ing them together on the axle, and winding upon the collar, to which it 
is attached, a band or flat chain which acting upon a cross lever will draw 
the front friction roller brake into action. 

The difference between the rear and front brakes is, that the former 
would depend upon the presence of mind and activity of the guard, while 
the latter is brought into action by undue velocity of the moving car des- 
cending the tramway incline. 

The study of this simple and efficacious method of the application of 
an arresting force leads to a diversion from mountain tramways to Rail- 
ways in general. 

The present form of Railways renders necessary an enormous weight of 
engine and carriages ; resulting in wasting " wear and tear. " There 
appears no reason why the troughed channel could not be laid between 
the tracks of a Railway for the especial working of horizontal friction 
rollers, in the manner described for the mountain tramway car when de- 
scending a steep gradient ; the rear friction roller brake to be applied by 
the guard, and that in front automatically applied at undue high speed. 
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If the channel were lipped, the danger of leaving the track at high speed, 
(which is provided against on Bail ways as constructed, by enormously 
heavy locomotives, and carriages with the concave tired wheel, or flanged 
wheel rendering necessary the expensive rail and permanent way,) would 
be removed. 

Instead of expending so much on rails and sleepers — the channel be- 
tween the tracks, would be much less than that of the lightest rails. The 
channel might be formed in tolerably level country and in cuttings, of 
two walls with flat iron bar 3 inches by £ inch let into the masonry and 
tied through at 20 feet intervals. 

The idea of applying the channel between tracks of Railways in general, 
was communicated to the present writer by Captain Thomason, R.E., in 
a conversation in which the friction roller brake on the mountain tramway 
was being explained. Captain Thomason suggested the channel with 
powerful framing below the carriage, holding two pairs of friction rollers 
to act alternately in the sides of the channel — to counteract lateral motion 
of the moving train ; this alone would permit of the reduction of weight of 
rolling stock to a fifth, the abolishment of the heavy concave tired wheel r 
and the heavy and expensive rail ; but the employment of the friction 
rollers as brake power would do away with the necessity for heavy run- 
ning wheels and correspondingly massive form of track, which would be 
necessary for the application of the ordinary brake to running wheels. 
The whole effect of the train in motion, from tangetic force on curves, or 
from tendency to lateral motion from whatever cause, would be confined 
to the inner sides of the channel, and the running wheels being left free, 
simply to carry the load in motion, may be of the lightest form, and of 
much enlarged diameter. 

This paper being intended to describe the mountain tramway only, no 
calculation as to extent of reduction of weight of Engines, &c, on Rail- 
ways have been made, but it may be supposed that the reduction would be 
bo great as to permit the use of material much lighter and cheaper than 
iron, and a steam carriage road as described below, possibly may meet all 
demands, and be as safe as the heavy railway. 

The steam carriage road to be 4 feet, formed of two sections of masonry 
4 feet apart, and coped with ashlar. 

The masonry with 20,000 cubic feet of ashlar track and coping, and 
80,000 cubic feet rubble masonry or brick work — would cost say Rs. 
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36,000. The roller plate, if of flat iron bar, 2,000. The track, monolithie 
of Hurdwar cement, say 3,600. Total about 40,000 per mile without 
bridging, and this item of cost might be much reduced by combination of 
suspension and girder, admissible by so great reduction of moving load. 

The automaton brake brought into action by a governor drawing the 
loose, and fixed toothed collars into contact, as described above, and 
thereby bringing the momentum force to act upon the cross lever bearing 
upon the friction rollers aud pressing them against the side of the channel, 
is a new application, in connection with the specification of invention, but 
the power for brakes on running wheels taken from their revolving axles 
was invented by Mr. J. Clarke, G.E , some years ago, who obtains his 
power by bringing friction rollers in contact with the perimeters of the 
carriage wheels while in motion. Clarke's brake is in use on the North 
London Railway ; it is too powerful and sudden in action on a Railway 
where such frequent stoppages are requisite, and is suited to long lines, 
and for emergencies. 

The suggested new steam carriage road with friction roller brakes act- 
ing on the channel, mid tracks, would be admirably suited for long Indian 
lines. The brake should have two modes of application action, the ordinary 
screw and lever, and the automatic as described. 

Water power in the plains. — The question of the water-power of moun- 
tain streams naturally leads to a consideration of the Rivers and Canals 
over so large an area of the Punjab. Then the rivers rising in Central 
India, and the tributaries of the Jumna and the Ganges. The rivers run- 
ing out from Sirmoor, Gurwhal and Kumaon, require attention first, as 
being in connection with suggested mountain tramway routes. 

The water flow of the rivers of Punjab and Rohilcund would be employed 
with great advantage in lieu of steam, either by rope traction or by working 
pneumatic apparatus, such as the tube and piston valve of the atmospheric 
railway principle — on tramways conecting the Oude and Rohilcund and 
the Delhi and Rohilcund Railways. As to the form of road best suited 
to the atmospheric table ; the track should be of Hurdwar cement, 3 
by 3 inches laid in grooves of masonry, which should have a fender wall, two 
feet above level of the track to receive the touch of horizontal friction 
rollers, and prevent swerve or oscillation, which would interfere with the 
precision of the action of piston valve in tube. 

A light tramway laid above the surface of the ground, and worked 
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by atmospheric pressure, by the water power, could be laid through 
the Dehra Dhoon with facility and ecconomy. At Dehra there is sufficient 
water power to work east and west between the Jumna and the Ganges, 
At Bogpoor there issues a masonry canal with sufficient water to work a 
branch tramway northwards, from a point 8 miles distant from Hurdwar* 

The subject of light tramways worked by water power on rope traction, 
or by exhausting a tube on the " Atmospheric Railway " principle, as afford-* 
ing an inexpensive means of communication through the tract lying 
between the Railways and the foot of the hills, in conjunction with the 
Mountain Tramway, is worth attention. 

In the Ganges Canal Falls an enormous water passes unemployed. 
Take the first fall from the Canal Head we have, 

Discharge = D = 4000 cubic feet per second. 
Fall = F = 8*5 feet „ 

Whole power of fall = H.P. 2018 

The falls are divided into 10 bays, so that in one bay the discharge is 

24,000 cubic feet per minute, 

np . 24000 X 528 x 85 X 5 _ 9A9 
U '^' - 83000 - 202 

To utilize a part of this water power for the working of a light tramway 
by rope traction, or by any of the methods described ; a breast-wheel 22 
feet in diameter, width 6 feet, with depth of bucket 2-5 feet, would afford 
H.P. 73, and three wheels between Roorkee and Hurdwar would work a 
heavy traffic on a Railway laid on the banks of the canal. A light road, 
with constant movement of cars throughout the day, instead of a costly 
railway is suggested. 

Canals ha?ing a regulated flow offer a means of employing water power 
in this country which should not be overlooked. Even with a very slight 
fall, large wheels, with additional mechanical motions, could be made to 
draw 10 tons on a light tramway, even where there are no overfalls. 
This especial question of the utilization of the water power of canals as a 
tractive force is worthy of consideration in the " vexed question " of 
41 Irrigation and Navigation." 

These suggestions are offered for consideration at the time of commence- 
ment of several long lines of Indian State Railways, whether, as to the 
substitution of the cheap steam carriage track for the heavy rails, referred 
to in page 487. 
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Or, as to the utilization of the water power of rivers where it may be 
available for the working of railways, either of rope traction, or atmos- 
pheric propulsion. 

They are however especially recommended to the attention of Govern- 
ment and of those interested in the developement of the resources of the 
districts on the outer slopes of the Himalayas as pointing to a certain, 
and economical means of providing for traffic communications at a cost 
commensurate with their probable requirements. 



.} 



Nynee Tal, \ W. 8. 

14th February, 1872. 
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No. XLVL 



KUNKUR AND MORTAR ANALYSIS, 



By Murray Thomson, M.D., F.R.S.E., Professor of Experimental 
Science at the Thomason Civil Engineering College, Roorkee, and Che- 
mical Examiner to the Government, N. W. Provinces. 



Is a recent number of Allen's Indian Mail, it was stated that Captain Ross, 
R.A., in a lecture he delivered at the United Service Institution, had' 
said, that Knnknr, so much used in India for the making of mortar, con- 
tained no lime. Some time ago I was called upon to state whether this 
was in accordance with my experience, and I had no hesitation in replying 
that it was not. I have analysed several samples of kunkur, and have 
never met with one which contained less than 28 per cent, of carbonate 
of lime, and in by far the greater number of specimens the proportion 
was a little over 50 per cent. Captain Ross's statement perhaps was 
founded on the analysis of a substance, which may have resembled kunkur, 
bat even that is not likely, as the appearance of kunkur is very character- 
istic. A table containing six analyses made by myself, two by Captain 
Badgley, 6.S.C., when he was a student at the Thomason College, and 
one by J. Prinsep, Esq., will be found on page 496. 

As the thorough analysis of a kunkur or limestone is an operation which 
few Engineers can perform for themselves : the following process, which, 
will give a rough approximation, has been suggested. Pound a sample 
in a mortar, pass it through a fine sieve: put 150 grains in a tumbler, and 
poor gradually on it diluted hydrochloric acid, stirring it with a bit of 
wood: add the acid until effervescence ceases, then, filter it through' 
blotting paper, and wash by pouring fuHy a quart of water through the 
filter ; that which remains is clay or 6and or both: it should be carefully 
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dried, collected and weighed ; the difference between this weight and the 

150 grains represents Carbonate of lime. This remainder should now be 

repeatedly washed by decantation, so as to get rid of the lighter particlea 

of clay, until sand alone is left, which should be dried and weighed. If 

the 150 grains are found to contain 

Carbonateof lime, .. .. 112 graina, 

Clay » » 

Sand, 29 „ 

the stone will furnish a fair lime for general purposes. 

Another simple plan which may be employed is to weigh a piece of the 
stone after it has been thoroughly dried : then heat it to redness in an 
open fire (say for four hours) to expel the carbonic acid : allow the stone 
to cool, and again weigh it, the loss of weight will show the amount of 
Carbonic Acid from which can be calculated the amount of Lime : as in 
every 100 parts of Carbonate of Lime, are 56 parts of Lime, and 44 parU 
of Carbonic Acid. 

If however the Engineer's opportunities and appliances allow of a thor- 
ough analysis, this should always be made. 

I would recommend the following process, which I have drawn up so that 
it may be used for a Mortar as well as a Limestone. 

1. Selection of the sample. Care should be taken to get a fair average 
sample. In the case of a mortar a handful from various parts of the 
heap should be taken, and these thoroughly mixed, about two ounces of 
this should then be put in a well closed bottle. In the case of a lime- 
tone or kunkur, a piece should be broken off from various parts of tha 
mass, or if it exist in several pieces, then parts of each should be taken. 

2. Preparation of the sample for Analysis. The sample should now 
be reduced to powder, first in an iron, and then in an agate mortar. The 
powder should be so fine, that no grit whatever can be perceived when a 
little of it is rubbed between the fingers. From 5 to 6 grammes of the 
sample should be thus pulverised, and kept in a stoppered bottle labelled 
with a label corresponding to that of the sample. 

8. Estimation of the water. It will be sufficient to dry about one 
and a half grammes, at 100.C until it ceases to lose weight, and the loss en- 
tered in the analysis as water ; for a more accurate process for estimating 
water in a limestone, as well as for fuller details on the analytical process 
generally reference is made to Quantitative Analysis by Fresenius (3rd 
Edition, page 553.) 
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4. Estimation of the siliceous residue. About two grammes* of tbe 
sample are pat in a beaker glass, and covered with half an inch of distilled 
water, the beaker is now inclined to an angle of 60°, and some pure hydro- 
chloric acid is added. The inclination of the beaker is to prevent loss by 
spirting during the effervescence. When the effervescence has ceased, a 
little more acid is added, and the whole is then slowly evaporated to dryness. 
The last part of the' evaporation must be done in an air bath. As soon as 
the mixture is quite dry, about half an ounce more of distilled water must 
be added along with a few drops of hydrochloric acid, the mixture made 
warm and filtered, what insoluble matter remains on the filter is now thor- 
oughly washed with hot distilled water, the washings being allowed to 
fall into the first filtrate. The residue on the filter should be washed until 
a drop of the washings leaves no residue when evaporated on a bit of 
platinum foil. The insoluble residue on filter is treated as para. 9 directs. 

5. Estimation of the Oxide of Irony Alumina, 4rc. The acid filtrate 
and washings are now heated to boiling, and strong liquor ammonia cau- 
tiously added, until after the last addition the mixture smells distinctly of 
ammonia. A brownish red precipitate will have fallen by this treatment, 
this precipitate is now to be collected on a filter, and rapidly washed with 
boiling distilled water. The precipitate or the filter is to be treated as 
para. 11 directs. 

6. Estimation of the Lime and Magnesia. The filtrate and washings 
from the last operation are now well mixed and divided into two equal 
parts, which may be called A and B. In A the lime, and in B the mag- 
nesia is estimated. 

7. Portion A. is now heated to boiling, and while in ebullition 20 
cubic centimetres of a standard solution of oxalic acid are addedf care 
should be taken that the mixture is still alkaline after the addition 
of the oxalic acid if necessary, a few drops more ammonia should be 
added. The precipitate of lime oxalate which has been produced is now 
separated by filtration, and the precipitate is washed by boiling water 
3 or 4 times. The filtrate is now wanned to 60° C, 2 C.C.J of oil of 

• All weight* taken mutt be made accurately with a balance which will torn easily with a mlli- 
gramme, when the scales are loaded with 50 grammes each. 

t This standard solution of oxalic add is sade by dissolving 31*5 grammes of ordinary crystal- 
Ised oxalic acid in a litre of distilled water. A label should be affixed to this solution, to the effect 
that each cubic cent, contains *0315 of a gramme of oxalic acid, and corresponds to -014 of Lime. 

| C. C. Means cabic centimetre. 
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vitriol are added, and a standard solution of permanganate of potassium 
gradually dropped in, until its color remains permanent. 

The process just described, is a very rapid and very correct one, for the 
estimation of lime, and where many limestones or mortars have to be 
analysed, it is well worth while to prepare and keep ready a small stock of 
the two standard solutions required* The preparation of the permanganate 
solution is described below.* The process may be explained thus, enough 
of the oxalic acid solution is added to precipitate, all the lime, and leave 
an excess of itself in the filtrate. The amount of this excess of oxalic 
acid is then determined by the standard permanganate solution, which 
decomposes the oxalic acid in the presence of sulphuric acid, and at a 
certain temperature into carbonic acid, thus :— 

Permanganate. Oxalic acid. Sulphuric acid. 

K, Mn O, + 5 {C&ftt + 4 H, S0 4 

2Mn S0 4 + * KHS0 4 + 8 H, O + 10 CO a 

Sulphate of Manganese. Sulphate of Potassium. Water. Carbonic Acid. 

While this action is going on, the fine purple color of the permanganate dis- 
appears, but as soon as it is completed, the color of the permanganate 
remains. The amount of solution of permanganate used to produce this 
permanent color is then read off, and every 10 C.C. of it correspond to 
1 C.C. of oxalic acid solution. All that is necessary to complete the 
estimation of the lime is from the permanganate used to calculate the 
oxalic acid in the filtrate : this oxalic acid is oyer and above what was 
required to precipitate the lime, and if now it be deducted from the 20 
C.C. used, the remainder has to be calculated oat as lime, at the rate of 1 
C.C. of oxalic acid solution, corresponding to *0112 of a gramme of lime. 
The result should be multiplied by 2, as only half the filtrate was used. 

The only trouble about this process is the preliminary one of prepar- 
ing the standard solution of permanganate and oxalic acid, but once these 
are prepared the estimation of the lime is easy and rapid, and that can- 
not be said of any other method of estimating lime. 

8. Portion B is now to be employed for the estimation of the mag- 
nesia for that purpose, it is heated to boiling, and oxalate of ammonium is 
added in slight excess. The mixture is then allowed to stand 12 hours 

• 10 grammes of crystals of permanganate sbonld be dispolred in a litre of distilled water 
This eolation should then be titrated by the standard solution of oxalic acid, so that 10 C.C. of the 
Remanganate will equal 1 C.C. of the acid. 
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at the end of this time the precipitate of oxalate of calcium will have com- 
pletely subsided. Now the clear fluid is separated by decantation, and the 
precipitate collected on a filter, and washed with cold water. The wash- 
ings and decanted fluid are now mixed, and ammonia added until the 
solution smells of it, and then solution of phosphate of sodium, the whole 
is then well stirred. If the stirring is kept up for 15 or 20 minutes, 
the whole of the magnesia will be thrown down as magnesium and am- 
monium phosphate, which may be at once collected on a filter and washed 
with cold water, haying about ^ of solution of ammonia added. 

9, The insoluble residue obtained by process in para. 4, is now, hav- 
ing been dried, incinerated along with the filter and weighed, a certain 
amount is deducted for filter ash, this amount is ascertained by incenerat- 
ing 10 filters, and dividing the ash obtained by 10. !Fhe weight of the 
residue is now calculated as a percentage result, and entered in the analy- 
sis as residue insoluble in hydrochloric acid or simply siliceous residue. It 
contains any sand, clay, and organic matter which may be in the sample. 

10* In the case of a hydraulic limestone, the clay in this insoluble re- 
sidue ought to be estimated : for this purpose, it should be thrown little by 
little into a boiling solution of carbonate of soda (best boiled in a silver 
vessel). The pure silica or sand will be thus dissolved, and the clay left 
insoluble, it is only needful to ascertain the weight of the latter after 
thorough washing, drying and incineration. 

11. The precipitate of oxide of iron and alumina obtained in para 
5, is now incinerated and weighed, and after deduction for filter ash cal- 
culated as a percentage, and entered in the analysis as oxide of iron, and 
alumina dissolved by hydrochloric acid. 

12. The precipitate of magnesia ammonium phosphate obtained by 
para. 8, is also dried, incinerated and weighed, and the amount multiplied 
by 2, as only half the filtrate was used, (it should be well dried before 
incineration,) filter ash being deducted. Every 222 parts of the sub- 
stance weighed contains 80 of magnesia, its composition being the magne- 
sium pyrophosphate Mg, P, O*. 

18. Estimation of Carbonic acid. In the case of a limestone, it is net 
needful to estimate the carbonic acid, as all the lime, and all the mag- 
nesia obtained in the analysis may be calculated as carbonates and entered 
in the analysis as such. Every 56 of lime, and every 40 of magnesia re- 
quire each 44 of carbonic acid. In the case of a mortar, the carbonic acid 



Digitized by VjOOQ IC 



496 



KUNKUR AND MORTAR ANALYSIS. 



must be determined as part of the lime exists as hydrate and part as ear* 
bonate. About 3 grammes of the finely pounded mortar are put in a 
small flask fitted with a chloride of calcium tube, and a very small test 
tube : in the latter is put some strong hydrochloric acid. The mortar at 
bottom of flask is covered with distilled water, the small test tube full of 
acid is lowered in by means of a piece of fine platinum wire, so as to re- 
main upright, and allow no part of its contents to be spilled. The chloride 
of calcium tube fitted to a cork with a small draught tube, is then adjusted 
to the mouth of the flask, and the whole is weighed. Then the flask is 
inclined so as to spill the hydrochloric acid among the water and mortar, 
(the acid should only be spilled orer gradually,) a brisk effervescence en- 
sues from the escape of the carbonic acid when all the acid has been spilled 
over, and effervescence has quite ceased, a gentle draught of air is drawn 
through the apparatus by the mouth, the apparatus being now weighed, it 
will weigh less ; the loss shows the amount of carbonic acid. 

Analyses of Kuhkurb. 



. | . I . I . I . { . |r J . |. 



Lime, «. 

Carbonic acid, ». 

A1lllH1Wft| **• *— ••• •* 

Oxide of iron, ..«••.*.•< 
Magnesia, ... ~ ~. ~ 
Siliceous Besidae, ... 
Water, loss organic matter, 8tc., 



:) 



8718 

10-33 

trace. 
83-80 



7938 

0.73 

trace. 
18-94 



78-64 

8-42 

trace. 
1804 



not determined. 



100-001 100 00/ 100-00 



83-80 



8*64 



99*48 



88*49 



8-00 



1-87 

43-891 41*41 

•87 



38-97 

4*09 

•94 
63*88 
3*83 



100-14 



99-98 



40* 
32*0 

11*0 

•4 

15*3 
1*4 



18-8 
13*8 

88*4 

3*8 

80*8 



37-<r 

30* 



8*4 



100-0 



100*0 



100*0 



Not. 1, 3 and 8, were tent by Captain Moncrieff, R.B., when be was in charge of the Beaten* 
Jumna Canal. 

No*. 4 and 6, were eent by the late Colonel Anderson, B.B., in connection with the caee of tte 
Allahabad Barracks. 

No. 6 was sent by Capt* Helsham Jones, R.B., it was being used for the works at Okla, near 
Delhi. 

No. 7 by J. Prinsep, Bsq. 

Nos. 8 and 9, by Capt. Badgley. 
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No. SLVII. 



ON GRAVATFS "METHOD" OP ADJUSTING THE 
"LINE OF COLLIMATION" IN ALTITUDE. 



By Lieut. Allan Cunningham, R.E., Hony. Fellow of King's 
College, London, and Offg. Professor oj Mathematics, Thomason 
C. E. College, Roorkee, N. W. P. 



Preface. — It is due to the readers of Paper XXI., of these Professional Papers 
" On the Line of Collimation," to explain that its main object was to define the 
•• line of collimation, ,, and the relative positions of the point chosen for observation, 
and the intersection of the hairs of a theodolite or middle of the horizontal hair of 
a level, also to point oat that the reasoning at page 84 of Hankine's Manual of 
Civil EDgineering Edition of 1870, (by which it is attempted to show that the ad- 
justment of the " line of collimation " in the Dumpy Level is unnecessary,) is incor. 
reck The main assertion of Professor Rankine's para, quoted is however correct, 
although the proof given is incorrect : the implied conclusion in that paper of the 
possibility and necessity of Gravatt's Method of Adjustment is incorrect : this does 
not affect the general substance of the paper ; the conclusions therein as to " line 
of collimation/' and relative positions of point observed and middle of horizontal hair 
of a level are (in the author's opinion) correct, and will be used throughout this paper. 

In this paper it will be shown that " Gravatt's Method " of adjustment 
in altitude of the " line of collimation " of a level is a practical failure ; 
viz., that it simply Jails (within the limits of practice), even to discover 
any error in that line. As this so called Method of Adjustment has been 
for many years supposed to be the most perfect method available, it is a 
little startling to find out that it is practically useless. 

Most equations employed in Geometrical Optics are only approxima- 
tions : it may therefore be expected of an author objecting to a method 
of such repute to show that the approximations he uses are sufficiently 
accurate.* 

• The first approximation to the curve locus hereafter discussed came to the author's notice 
in a Paper communicated to the Editor of these Papers by D. M'Mordie, Esq., B.E., Q.U. Ireland. 
The critical discussion of it* sufficiency, and the experiments are due to the author. 

VOL. I.— SECOND SERIES. 3 L 



Digitized by VjOOQ IC 



498 



ON ORAVATT8 METHOD. 



It will be advisable first to explain " Gravatt's method " of adjustment 
in detail, then to investigate theoretically the possibility of its application 
within practical limits ; lastly, very careful experiments made by the 
author expressly to test his conclusions will be adduced. 

41 Oravatfs Method" of adjustment in altitude of the Line of Collimation. 

This method in thus performed : — 

Three levelling staves 0,0,0, are ranged in a straight line Q,Q*, and 
held as upright as possible : the distance 0,0, must be within the range 
of good definition of the telescope to be used, (see Fig. 1.) 

Fig. 1. 




The differences of level of the feet L,L,L, of the staves are found as 
accurately as possible ; it is admitted that this can be accurately done 
with a level, even though not in adjustment, by simply placing the level 
midway between staves 0,0,, and also midway between 0,0,, and bring- 
ing the bubble to the centre of its run on each occasion of making a 
reading. 

The level, which it is wished to adjust, is then set up on the line 0,0,0, 
as at L far enough from Q, to admit of clearly reading that staff. The 
telescope is directed in the plane of the staves QjQjQ^ and the bubble 
brought to some definite position, which can be easily recognised (it is not 
necessary that it should be in the centre of its run). The three staves 
QiQflQs are now read in succession ; it is essential that, the telescope 
remain quite steady throughout this period; as the staves are in the 
fame vertical plane as the telescope, there is no necessity to touch the 
telescope except to focus it; any departure of the bubble from its original 
position most be corrected by the foot screws. 
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Let QiQjQj be the points viewed and read on the three staves in suc- 
cession. 

Now, applying the differences of level of the feet L„ L f , L s of the 
staves already fonnd with their proper algebraic signs to the height L,Q, 
(=: the reading on the first staff), the heights L t N s , L 3 N, at which a 
level line Q^N,, through Qi cuts the staves Q f Q 3 can be ascertained. 

Taking the differences of the heights of the level line, and of the heights 
of Q,, Q 3 above L a , L 3 respectively, the differences of level of the points 
QjQjQ, can be obtained, thus 

Q,N f = Q.L, ^ N 2 p„ and Q,N, = Q 3 L - N 3 L 3 . 

Now if Q,Q a Q 3 lie on any straight line whatever, the following propor- 
tion would evidently obtain QjN, ; Q,N, ; ; Q,N f ; (^N,. 

Also, if there be no error in die line of collimation, i.e., if the middle 
of the horizontal hair q, Fig. 1, traverse the object glass axis qC, it is 
easily seen (see Paper XXI.,) that the " line of collimation " qO always 
coincides with the object-glass axis, and that therefore, the points Q,Q,Q 
(which necessarily lie on the "line of collimation" qC) must lie on 
that straight line, and on trying " Gravatt's method " the proportion 
Q,N, : Q a N, : : Q,N, : Q,N 3 will of course be found to hold. 

But, if there be an error in altitude in the " line of collimation," i.e., if 
the middle of the horizontal hair be in the position q, see Fig. 2, (not on 
the object-glass axis Co) its middle point will traverse the line q x q % q % paral- 
lel to the object-glass axis in the act of focussing for obtaining distinct 
vision of the staves Q,, Q„ Q, which are at different distances from the 
level. (See Paper XXI). 

The " line of collimation" #CQ (Paper XXL), will no longer be a fixed 
line, but will have the three positions ^CQ„ 9,CQ 8 , tf/ 3 CQ 3 on viewing the 
three staves Q^Qs, so that the three points Q,Q 2 Q 3 will not range on the 
object-glass axis oC, and it might be supposed that the ratio QjN, I Q,N, 
! I Q,N, I QiN, would no longer hold. 

It has been actually supposed hitherto that unless the points viewed 
Q,QaQs lay actually on the object-glass axis oQ produced, this proportion 
would not hold, and that consequently if on actual trial, the proportion 
were found to hold good, it was supposed to be a proof that the " line of 
collimation " was correct, and further, that if on actual trial, it were fonnd 
that this proportion did not hold, it was supposed that the difference of 
the actual length Q 3 N 3 from that required by the proportion, viz., 
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QjNj. —^ would be a measure of the error in altitude of the horizontal hair. 
Let it then be understood that it is this difference of length, viz., 
Qs^a ^ Qr^j • <T?f tnftt * 8 *° sav tne amount of departure of one of the 
points Q, from the straight line QjQ, joining the other two, which 
41 Gravatt's Method " proposes to find (by observation), and to consider a 
measure of the error in altitude of the horizontal hair. 

Investigation oj the Curve which is the locus of Q. 

The form of the curve on which all Che points viewed, (i.e., covered by 
the middle of the horizontal cross-hair) lie, will now be investigated, and 
it will be shown that it is so flat a curve, that the departure of any point 
on it from a certain straight line (required to be measured by Gravatt's 
Method) is so small within the limits practically obtainable, that it falls 
within the limit of the errors of observation, i.e., cannot be measured. 

The references are to Parkinson's " Treatise on Optics," 2nd Ed. of 
1866, and to Paper XXI., of the " Professional Papers on Indian Engi- 
neering," (Second Series.) It will be assumed as follows : — 

(1). In spirit levels, the focussing screw moves either the object glass 
only, or else the diaphragm and eye-piece together : the instrument should 
be so constructed (by the maker), that (see Fig. 2), in the former case, the 
object-glass " centre" 0, (Parkinson, Art. 109,) moves along its axis 
oC, and in the latter case, the middle of the horizontal hair q should move 
either along that axis oC, or on a straight line q t q t q z parallel to it. 

(2). The " line of collimation " (see Paper XXI.,) is the line qC join- 
ing the middle of the horizontal hair q to the " centre" C of the object 
glass, and is aligned with the point Q, chosen for observation, (see Figs. 1 
and 2.) 

(3). The centre of " the circle of least confusion " (Parkinson, 
Art. 64,) q corresponding to the point viewed Q is the image of that 
point (Art. 65.) 

N.B. It might be supposed that the achromatic object glass being (in 
common parlance,) corrected for spherical aberration, there would be no 
" circles of confusion," (these being due to spherical aberration), but the 
glass is in fact corrected for spherical aberration only for parallel rays di- 
rectly incident, (Art 223). Now as the use of " Gravatt's Method" neces- 
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sitates reading a staff as close to the object-glass as distinct vision will 
admit, the incident rays are not parallel, but divergent, and are also not 
directly incident, but oblique whenever the horizontal hair is out of its pro- 
per position (the very case in hand), so that " circles of confusion " exist. 
(4). It will be found by actual trial, that the greatest error likely to 
be made in fixing a hair on the diaphragm, and inserting the diaphragm 
in the telescope entails an error or deviation of the horizontal hair, qm in 
figure, from the object-glass axis oC, (the amount of deviation will be 
denoted by k) of less than ^ inch. ,\ qm = k < -1 inch.* 

(5). Again, the smallest levels kept in the Central Instrument Depot 
at Roorkee, which supplies all Northern India, have object-glasses of about 
10 inches focal length, i.e., the distance of the inner principal focus of the 
object-glass from its posterior surface (hereafter denoted by /) is never 
less than 10 inches. .'. /not < 10 inches. 

(6). Again, if <p be the angle of obliquity QCF {Fig. 2) of the axis of 
incident rays QC, i.e., inclination of their axis to the object-glass axis oG 
then (as is also easily seen by trial), the distance from the horizontal hair 
q to the object-glass is least for distant objects, and increases as the object 
viewed approaches. It follows that /(being the distance between the hair 
and object-glass for infinitely distant objects), is the least distance of q 
from the object-glass. 
/. tan = tan QCF = tan qCo = k -f- Cm < k + /, for Cm > / 
Also k < *1 inch, and /not < 10 inches. 
.'. *-r/< -1 ~ 10, i.e., < -01. 
But for small angles <f> < tan <p, which is < k -f-/ which < 01. 

/. # < -01 & fortiori. % 
This result is very important as it is entirely on account of the small- 
ness of the obliquity <p " that Gravatt's method" practically fails. 
First approximation to the locus of Q. 

It is shown (Parkinson, Art. 112 and 113) on the approximate assump- 
tions 

(1). That the object-glass is indefinitely thin. 

(2). That the obliquity is so small, that its square may be neglected 
tl,at C^ ~ CQ + ~ff bein # consi dered negative (Art. 102), because 
the object-glass is to be considered a convex lens (Art. 204). 

• In the figure qm has been purposely exaggerated to avoid confusion, .wj 
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Second approximation to the locus of Q. 

It is shown (Parkinson, Art. 113, Cor. 4) on the assumptions 

(1). That the object-glass is indefinitely thin. 

(2). That the obliquity ^ is so small that its fourth power may be 

neglected, that ± = ^ + -L + (l + ±.) -*L 

Comparison of approximations. 

Let CQ = r, QM = y, CM = x 

kr 
m \ Cq = — from the similar triangles QCM, qCm.* 

1st approximation y = Jc y. 

2nd „ y = *-£-(l + -L)£.*. 

Let ly be the difference of the ordinates y for the same radius vector r, 
thei8y=(l+JL)£.£.r. 

It was shown, para. (6), that^ < *01, and y < -01. 

Also ^ varies from 1*67 for flint glass, to 1*5 for crown glass (Parkin- 
son, Art. 162). 

Assuming p = 1-6, ly< (l + -y^r ) —£- • r 

< i^L 5 x -000001 x r, tc, < -000008 X r. 

Now with a 10 inch level, 300 feet is about the utmost limit of accurate 
reading. 

.*. the greatest value of ly < '000008 x 800 feet, an inappreciably 
small quantity. 

With larger levels the limit of distance r increases say to 500 feet, but 

k 
the small fraction <f>* -y decreases much more rapidly. 

Thus it has been shown that within the limit of distance attainable in 
practice, the curve denoted by the second approximation differs from that 
denoted by the first approximation, by an inappreciable quantity, even when 
the error in position of the horizontal hair is at its greatest. It it obvious- 
ly unnecessary to try any closer approximations, as far as the powers of 
are concerned. 

* #.5.— Positive ordinates being measured downwards* the sign of *, t.e., mq s Cd is to be con* 
sidered inherently negative throughout what follows. 
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It should be noticed that these results have been obtained on the approxi- 
mate hypothesis, that the object-glass is indefinitely thin : it is not thought 
necessary to introduce the thickness of the object-glass into the investiga- 
tion, as it greatly complicates it without materially affecting the above 
general conclusion. 

It may now be shown that the locus of Q is a line differing inappreci- 
ably within the limits of practice from a straight line. 

For x = r cos 9 = r (l - pg + j£^ — &c.,) = r nearly, i.e., on 

the same assumption as that by which the first approximation to the locus 
of Q was made, viz., that the obliquity ^ is so small, that its square may 
be neglected. 

Hence the first approximation q.v. f becomes 

. kr , kx a . y , 

»■*- - = *-7 or 7 + * =1 ' 

which is the equation of a straight line whose intercepts on the axes are 
CP = /, and Cd = ifc, see Fig. 2. 

That is the locus of Q is a curve differing within the limits of practice 
inappreciably from the straight line joining d to F (the external principal 
focus) which is a fixed line external to the telescope.* 

It is interesting to note that the curve denoted by the second approxima- 
tion, is really a very flat hyperbola, to which dF is tangent at F, of 
which one focus is C, and corresponding directrix a line through d, but it 
is beyond the scope of this paper to discuss this. It follows that the 
quantity required to be measured by Qravatt's method viz., the departure 

Q^N, ~ Q,N, . ~± of any one point seen as Q, from the straight line 

(3,0, joining the other two is within the limit 0/ practice quite inappreciable. 

Experimental Trial. 

In order to test practically .the correctness of the above theoretical 
investigations, and to settle if possible finally the question of the prac- 
ticability or impracticability of discovering any error at all in the position 
of the horizontal hair of a level by Qravatt's Method, the following experi- 

• This agrees with the Assertion of para. 60, page 84 of Rankine's Manual of Civil Engineering 
quoted, though from a quite different line of reasoning. 
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ment was made by the author with the assistance of a student* of the 
Engineer Class, Thomason Civil Engineering College. It is necessary to 
state that great pains were taken to make every part of the observations 
thoroughly trustworthy, the object being to render the experiment a ^ u ™~ 
test. At the risk of being prolix, the precautions taken will be detailed, 
so that the reader may satisfy himself as to the trustworthiness of the 
results. It will be premised, that throughout this experiment 

(1). Only one levelling staff, a new one with a smooth flat brass foot 
was used : all error due to dissimilarity of division of different stares 
was thus avoided. 

(2). The pegs subsequently alluded to were all wooden pegs, about 
18 inches long, driven about 12 inches into firm ground, until apparently 
firmly bedded : the tops of all of them were rounded off, so that the nat 
foot of the staff might rest on only one and the same point on each 
occasion of its erection. 

(3). All perceptible parallax of the field of view, and the hairs was 
carefully removed before every reading. 

The correctness of position of the bubble of the large level was noted 
both before and after every reading of the staff: no readings were recorded 
unless the bubble had retained its position : the level used was however 
a very steady one. 

(4). The correctness of the verticality of the staff at the time of every 
reading was watched by the author's assistant, who stood a few feet oflF the 
line of 6ight abreast of the staff for this propose. 

A large new 20-inch Troughton level was chosen for the experiment : 
it was a very steady instrument : two horizontal 
hairs were added to the one originally on the dia- 
phragm, each ^-inch (by careful measurement) 
distant from the original horizontal hair, one 
above, one below it ; (see diagram.) 

• The use of either of the new hairs produced a 
line of collimation, which was obviously grossly 
different from its proper position: in fact so 
great a deviation could not be made if moderate care were used in the 
insertion of a hair. A distance of 400 feet was chained carefully in one 
straight line on a fairly level piece of ground ; 5 pegs, such as described 

* Mr. W. P. Von der H»nt. 
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above, were driven at L t L s L, L 4 L, (see Fig* 4,) at distances 0, 50, 
100, 200 and 400 feet, respectively, from L v . 

Fig. 4. 




The points half way between the successive pegs were marked with 
arrows in the course of the chaining : the correctness of the bisection of 
the distance between the pegs was tested with a 50 feet tape, and the posi- 
tion of the arrows corrected. The staff was set up on each peg in succes- 
sion, and the level set up at each of the middle points in succession with 
the aid of a plummet, and the staff read off on the equidistant pegs, the 
middle horizontal hair only being used throughout this operation. The 
results are recorded. 

Table I. 

Extract of Field Booh of Observations to find difference of Level of tops 
of the five pegs. 





Staff Readings. 


DIFFERKNCK OF LBYXL. 


Reduced 
Level. 




SUtm. 


Back. 


Fore. 


Rise. 


FaU. 














•000 


If 


L.-L, 


4-084 


8764 


•270 


... 


+ -270 


If 


L,-L, 


4013 


4-358 


... 


•845 


- -075 


If 


£-£ 


3698 


4-571 


... 


•873 


- -948 


If 


If -If 


3-288 


5185 




1-897 


-2-845 


If 




Total, .. 


•270 


8115 


- 2-845 





It will be admitted that the differences of level of the tops of the 
several pegs were thus correctly ascertained, all instrumental errors being 
eliminated in taking the differences of the several readings. 

The level was then removed to a point A on the line produced, about 20 
feet from it, it having been previously ascertained that this was the least 
distance at which a staff could be read distinctly, along with distinct vision 
without parallax of the hairs. The furthest staff, L § , was thus about 420 

VOL. I. SECOND 8ER1E8. 3 M 
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feet distant ; this was about the limit of distance admitting of accuracy 
of reading. 

The staff was set up in succession on all the pegs, and readings taken 
on it at each peg/rwn each of the three horizontal hairs. Whilst the level 
was at this point, the telescope was not touched, except from the neces- 
sity of focussing and correction of slight dislevelment caused by handling 
the focussing screw and eye-piece. The readings with each of the 3 
horizontal hairs were recorded on separate field-book pages, the object 
being to ascertain, (if possible by this method), the amount of deviation 
from the object-glass axis of each hair. These readings are recorded in 
3rd column, Table II. 

Tablr II. 
Reduction of readings on the five staves. 





I 


b 


§ 


Height of 
top of peg 
above L, 
«ee Table I. 


DtDUOED HEIGHTS OF 
POINTS VIEWED, VIZ., Q. 


Calculated 
heights above 

Q ( of the 
straight line 
QjQ, produced. 


Departure of 
poiota viewed, 
vis ,Qfromthe 


1 


{Above 1^, 


Above Q,. 


straight line 


■4 

a 
1 


i 


ft. 

50 
100 
200 
400 


2-707 
2107 
2123 
2*341 
2-89 


•000 
+ -270 

- -075 

- -948 

- 2-845 


2-707 
2-877 
2048 
1-893 
•045 


•000 

- -330 

- -659 

- 1-314 

- 2-662 


•000 

— -380 

— -660 

— 1-820 

— 2-640 


■000 

■000 
-f- -001 
-f- -006 
— -022 





60 
100 
200 
400 



2793 
2-411 
2*662 
8-828 
4-79 



•000 
+ -270 

- -075 

- -948 
-2-845 



2-793 
2-681 
2-587 
2-880 
1-945 



•000 

- -112 

- -206 

- -413 

- -848 



•000 
•112 
•224 
•448 
•896 



•000 

•000 

-J- -018 

4- -035 

4- -048 



il 


I'l 





2-872 


•000 


2-872 


•000 


•000 


•000 


I* 


50 


2-706 


+ -270 


2-976 


+ -104 


+ -104 


•000 




£ 


100 


8*198 


- -075 


3*118 


+ -246 


4- -208 


-T- -038 


s 


^ 


200 


4-237 


- -948 


8289 


+ -417 


4- -416 


-t- -oot 


« 


1^ 


400 


6-52 


-2-845 


8*675 


+ -803 


+ -832 


— -029 



y.B.—Tht correction for curvature and refraction amounts to only -001 at 390 feet, and "004 at 
420 feet, and has been neglected. 
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Discussion of the Results of the Experiment. 

The last column of Table II. , shows the values of the quantity. 

Q^,- Q,N,. 5^ at staff 3,) . 

^ * <4,jn, / yj Z #> ^ e departure of the points ac- 

Q 4 N 4 - (^N, . ^« at staff 4 A tually seen Q„Q 4 ,Q 4 from the straight 

o w* \ line Q.Qi produced, 

Q,N f - Q,N,. gat staff 5,) 

which it has been explained is the resulting quantity upon the magnitude 
of which the amount of collimation error was to have been estimated. 

The extremely small amount of this quantity, and also its irregular 
variation in the case of the upper and lower hairs (which are presumably 
very incorrectly placed) is particularly to be noticed: it is remarkable 
that this quantity is actually greatest in the case of the middle hair (which 
is certainly the most correctly placed of the three hairs). 

Consider the probable errors of observation : it will probably be admitted that 
an error of *00l might occur in the reading on staff 1 at 20* from the leveL 
„ -002 „ „ „ 2 at W 

„ -01 „ „ M 5 at 420* „ 

The first two combined would cause a possible error of '003 in the 
length Q t N t which would be exaggerated eight times in the height calcu- 
lated from the proportion at staff 5. 

The three errors combined might there produce a possible error of 
8 x ("001 + -002) + -01 = -024 + -01 = -034 in the resulting quan- 
tity (Q 4 N f - Q,N, . Jg) at staffs. 

N.B. — It has not been thought worth while to consider the correction 
due to curvature and refraction as it amounts to only '004 in the whole 
distance. 

On the whole the author considers the calculated departures of Q,,Q 4 ,Q, 
from the straight line Q,Q, produced, to be chiefly made up by errors in 
observation, after making due allowance for which the residual quantity 
is either nil or too small to warrant trustworthy conclusions being drawn 
as to the correctness or incorrectness of position of any of the three hairs.* 

• an experiment similar to the above (on a smaller scale) was performed with the same instrument, 
with the same set of hairs on a terraced floor on another occasion : the extreme distance of observe, 
tion was only ISO feet, but the distances were much more carefully set out with a pair of 12 feet rods, 
on the level floor than was possible in the experiment in the open above detailed. The result was 
that the departure of Qs from the straight line QIQ* was still less appreciable with any of the three 
bain than in the experiment detailed abore. 
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Summary of Results. 

The general conclusion both from the theoretical investigation and from 
the experiments is that the locus of Q, (i.e., of all the points covered after 
correct focussing without parallax by the middle of the horizontal hair) is 
a line differing insensibly within the limits of practice from the straight 
line dF, which is a line fixed relatively to the object-glass axis, so long as 
the diaphragm screws are untouched, and that the application of Gravatt's 
Method will necessarily entirely fail to effect its object, i.e., will not discover 
even a considerable error in altitude iu the line of collimation. 

Practical Conclusion. 

It having been shown that all the points such as Q (which are covered 
after correct focussing by the middle of the horizontal hair), lie on the 
straight line dF> this line may be considered the virtual line of sight : 
(it must not be confounded with the real line of sight qCQ). 

The necessary adjustments of the Dumpy, Troughton or Gravatt's 
Levels, will be only two. 

(1). To set the large level parallel to the virtual line of sight. 

(2). To set both these (after having been set parallel to each other) 
perpendicular to the vertical axis. 

A simple way of effecting the former, is the following, slightly modified 
from one practised by Ensign P. Keay, Head Master, Thomason C. E. 
College. 

To set the large level of a Dumpy, Gravatt, or Troughton level 
parallel to what has been above called the " virtual " line of sight. : — 

Place two pegs, AB, at any convenient distance apart on a tolerably level piece of 
ground soft enough to admit of easily driving pegs. Bisect the distance between 
them carefully, and place the level to be adjusted over this middle point with the aid 
of a plummet. Level the instrument as well as its incorrect adjustment will allow. 
Direct the telescope on a levelling staff held upright on peg A, with the bubble at the 
middle of its run. Record the reading. 

Reverse the telescope, and direct it on the same staff removed to the peg B : if the 
bubble has left the middle of its run, bring it back to that position by the foot screws 
and record the reading on B. 

It will be admitted that this process will give the difference of level of the heads 
of the pegs accurately. Now place the staff on the higher of the two pegs ; direct 
the telescope on it, bringing the bubble to the centre of its run if necessary. Now 
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tap this peg gently into the ground until the reading on the staff is the same As that 
on the staff when on the lower peg. 

The heads of the pegs will now he on the same level. 

Now remove the level on to the line AB produced at a sufficient distance from the 
nearer peg to admit of distinctly reading the staff when placed thereon. 

Then (a) in the Dumpy or Gravatt Level : — 

Direct the telescope in the same vertical plane as A and B, and bring the bubble 
to any convenient position (say the middle of its run), and again record the readings 
on the staff on pegs A and B, altering the focus and eye-piece as necessary, but watch- 
ing the bubble to see that the telescope remains steady throughout. (Any change in 
position of the bubble to be corrected by the foot screws.) If the readings on the staves 
are (as will probably be the case) different, this shows that what has been above 
named the virtual line of sight of the instrument is not level. 

Now tilt the telescope with the foot screws slightly in the direction indicated by 
the readings, (i.e., object glass damn if the reading on the further staff be the greater 
and vice versa)', and again record the readings on both staves, watching the bubble, 
which is of course in a new position, merely to see that the telescope remains steady 
whilst the focus is being altered. This operation must be repeated till the readings 
obtained on both staves are the same. 

It will then be admitted that the " virtual line of sight of the telescope'* is a level 
line. If the bubble be now, as will probably be the case, not in the middle of its run, 
it should be brought to the centre of its run by the adjusting screws in a Gravatt's 
or Dumpy Level 

And (b) in the Troughton Level : — 

The level being a fixture, it cannot be set parallel to the line required, if not already 
so. But the latter, ( viz., the " virtual line of sight " ) may be shifted so as to 
become parallel to the former, (viz., the level) by shifting the diaphragm, which alters 
the position of the line qd {Fig. 2), and therefore also of dF the virtual line of sight. 

Direct the telescope in the same vertical planes as A and B, and bring the bubble 
to the centre of its run, and retain it there throughout the remainder of the process 
(by moving the foot screws if necessary). Record the readings on the staff held on 
pegs A and B, altering the focus and eye-piece as necessary. 

If the readings on the staves are (as will probably be the case) different, this shows 
that what has been above named the virtual line of sight of the instrument is not 
level. 

Now tilt that virtual line of sight by shifting the diaphragm slightly in the direc- 
tion indicated by the readings, (£. e., diaphragm up if the reading on the staff be the 
greater, and vice versd), and again record the readings on the staves. This operation 
must be repeated till the readings obtained on both staves are the same. 

It will then be admitted that the '* virtual line of sight " is a level line, and there- 
fore parallel to the large level. 

This latter method is applicable also to the Dumpy and Gravatt level, but the former 
method will probably be found the easier in practice, as the foot screws are more 
easily handled than the diaphragm-screws. 

2. The second adjustment must now be performed in the usual way. 
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Note upon an " Example " of application of Gravatt's Adjustment re- 
corded in F. W. Siniras' " Treatise on the Principal Mathematical Instru- 
ments," Sixth Edition, 1844. 

At page 35 of the above, an " Example " is recorded, in which it is stated that the 

quantity Q,N,— Q^N, . ^r^ was '11 of a foot, the distance L,L, being two (Grater's) 

chains, and L,L* six (Gunter*s) chains, a quantity far larger than the theoretic in- 
vestigations indicate as possible, and also too great to be ordinarily due to obsenration 
errors : it seems (to the author) very unlikely that the horizontal hair of this in- 
strument could have been so far out of position as the upper and lower hair need in 
the author's experiment (detailed), which had been purposely placed as far out of 
proper position as seemed possible, nevertheless the residual quantity is far larger 
than in the author's experiments. 

This seems to require explanation.* It is not stated whether the "Example "is 
merely a numerical illustration, of the method, the actual figures being hypothetical, 
or whether it is a copy of actual field observations. The context of about half the 
Example decidedly points to the latter, and the context of about half is consistent 
with the former alternative. One sentence however seems to render the former con- 
clusion more probable. The words in question' are " The instrument being now 
placed at d (say five feet from a, but the closer the better.)" 

Had the example been taken from field observation, the position of the instrument 
would hardly have been mentioned in such a doubtful way : but the distance of fire 
feet is actually too small to admit of correct readings being made, so that the ex- 
ample is either not from actual field observation, or else is an inaccurate one, and no 
argument as to the practicability of " Gravatt's method " can be drawn from the 
apparent sufficient magnitude (11 of a foot) of the quantity from which the in- 
ference is to be drawn. 



' Simmb' Treatise being considered an authority. 
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ADDENDUM. 



An objection has been raised to the process here proposed for adjusting 
the Troughton Level, page 509 (b) q. v., viz., " that this very process has 
been employed with success to discover and then correct the error in alti- 
tude of the ' line of collimation.'" It is scarcely necessary to point oat to 
a reader who has understood the investigation given, that the process in- 
volves the same theory as that of " Oravatt*s Method," and the success 
supposed to be obtained is as far as discovering or correcting any oollima- 
tion error wholly imaginary. 

It was supposed that if by any means (either by moving the foot 
screws or diaphragm screws) two points known to be on the same level, 
(at different distances from the object-glass) could be seen through the tel- 
escope, that, therefore, " the object-glass axis was level, also the middle of 
the horizontal bair was in that axis/* t. *., that there was no collimation 
error. 

This, however, cannot be accepted without adequate proof: all that can 
be legitimately inferred (see the investigation in this paper) is that the 
" virtual line of eight" dF (see Fig. 2.) is level. 

However, as experiment is more convincing to many, the author per- 
formed the following experiment with every possible care. 

The level described on page 504 with the diaphragm mounted with 
three hairs, as in Fig. 3, before used, was used again. It will be admitted 
that the upper and lower hairs could not both be on the object-glass axis, 
(t. «., that one of them at any rate involved a collimation error). 

The process described on pages 508 and 509 was very carefully follow- 
ed, as for a Dumpy or Gravatt Level (with the same precautions as on 
page 504), the distance of the level from A being 25 feet, and from B 
being 125 feet. It was found to be not only possible, but easy, by the motion 
of the foot screws alone, to tilt the whole telescope into two such positions 
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as to make two equal readings on the two staves, t. e., to read along a level 
line, (1) when the upper hair alone was used, and (2) when the lower 
hair alone was need. 

This experiment conclusively shows that the process proposed, (which 
was supposed to afford a means of discovering a collimation error,) does 
not warrant any inference as to the correctness or incorrectness of the 
line of collimation. All that can be inferred at the conclusion of the 
process is that " the virtual line of sight is level." 

A. C. 
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No. XLVIII. 



EXPERIMENTS ON ANDAMAN WOODS. 



By J. Bennett, C.E.> Executive Engineer, Tort Blair. 



The following Notes on the Botanical names, &c, of the trees of this 
List of " Andaman Woods " has been kindly furnished to the Editor by 
the Conservator of Forests in British Burmah. 

1. (A.) Padouk. (Pteracarpus indicu*.) Yields gum kino: I here are two 
kinds in Burmah, the red and the white— the red furnishes the finer 
timber. It is plentiful in Tenasserim. 

2 (B.) Pybnm ah. ( Lagtrstrctmia regina.) Abundant in the low lands of Bur- 
mah : good timber for boat building ; keeps well under water, but 
not well adapted for house posts. 

3. (O.) Youay-gybb. ( Adenanthera pavonina. ) Yields bard tough wood : to 

be found on the Southern part of Tenasserim. 

4. (D.) Gangua. 

5. (E.) Thingan. (Hopea odorata. ) Abundant in Tenasserim, scarce in Pegu 

and Arracan : useful for boat building. 

6. (F.) Toung-peing. (Artocarpus echinata and Chaplatha.) Found in Ten- 

asserim, where the Burmese value it for boat building. 

7. (Q.) Bam-bwab. ( Careya arborea. ) Not much worth : plentiful in Pegu. 

8. (H.) THIMMIN ( properly Thitmin.) ( Agathii loranthifotia*) Plentiful in 

Tenasserim : used by carpenters for light work. 

9. (I.) Kanyeest. ( Dipterocarpu* alatus and Icevi*. ) The wood oil tree : 

valuable principally for its oil : plentiful in Burmah : will not stand 

wet, and very much subject to white ants. Makes very good charcoal 
10. (J.) Kuppaleb-theet. (Sonneratuif) Not known : I think peculiar to the 

Andaman*. 
11* (K.) Nabbhay. ( Odina wodier.) Not uncommon in Tenasserim : grows to 

12 feet high. Wood red and hard, used for rice pounders, &c 
12. Teak. ( Tectona grandi*. ) Plentiful in Tenasserim and Pegu, scarce 

in Arakan. Also the Hamilton teak, a very inferior kind, is met with 

in Pegu. 
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No. XLIX. 



BULL'S ANNULAR KILN. 



Description of a Kiln for burning bricks by a new and improved me- 
thod, invented and patented by W. Bull, Esq., Resident Engineer, 
Oudh and Rohilcund Railway. 



The consumption of 1 wood in burning bricks for the large public works 
now being carried ont in India, is gradually denuding the country of its 
finest trees, principally mangoe. That this is a matter for regret will I 
believe be generally allowed, and any method resulting in a diminished 
consumption will I feel sure benefit the country generally beyond the mere 
question of economy, (itself a matter for serious consideration.) The me- 
thod or principle which, with its practical application, is described in this 
article, will be found to have realized the desired result, to an extent 
which will depend in a great measure on the care taken in carrying it into 
practice. 

The accompanying plan with a short description will explain this me- 
thod. It is applicable either to an annular kiln, suitable for continuous 
burning, or to one of oblong form. When the necessary space can be 
obtained, the former will be found the better plan. 

A length, say of 50 feet, having been built, loading can if required, 
be commenced, and until the entire circle is completed the operations of 
building, loading and burning can be carried on simultaneously. 

The saving in time resulting from this is obvious, as the supply of 
pucka brie ks can be commenced three weeks after first starting operations, 
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and it will be found that six fines containing 14 } 400 bricks can with ease 
be fired daily; and—with a percentage of 66 only of 1st class bricks— a 
single kiln is capable of taming out 3 lakhs per month. The length 
mentioned having been built, a wall should be run up between two fines 
at one end, and loading commenced. The method of " setting" shown 
in the plan, is suitable for bricks 8J" X 4^* x 2£". If a larger size 
be required, the number of air passages and concentric walls can be reduced. 
In the plan given, the walls should be 4 inches apart, the spaces between 
the outer walls and the casing of the kiln being a little more. 

The concentric walls are covered by a brick-on-edge, the length running 
across the kiln, every alternate row of which spans the air passage ; 
the intermediate bricks being on the walls, thus giving the open work, 
called by the natives " jingree." On this open course, a brick flat should 
be set as close together as possible, and flushed over with soft mud, to 
effectually close all interstices. 

Between the 10th and 11th flues for a space 1*6' broad, the open brick 
and brick flat should be omitted for the chimney, which may either be of 
sheet iron as shown in the plan, or be built up of loose bricks, which can 
be taken down and used for the next chimney as required. A compact 
layer of ashes or earth 9 inches thick, should now be spread over the 
whole up to the chimney, and firing commenced in the first two fines. 
It should be carried on as briskly as is consistent with a complete combus- 
tion of the fuel. If forced beyond this, an accumulation of charcoal in the 
flues, and a greater expenditure of fuel is the result. After six hours a 
third fine should be opened, and again every successive 6th hour another, 
for the first two days. Forty-eight hours after commencing firing, the 
flues can be opened every four hours, and this rule can be continued re- 
gularly. 

The two first flues fired will be ready in from 36 to 48 hours, but after 
the second day, as the bricks in advance of the flues being fired, and the 
kiln itself, get thoroughly heated, it will be found that 24 hours' firing will 
be sufficient ; and there will thus be six flues firing at one and the same 
time. 

If the wood be dry and firing well attended to, this time will be de- 
creased and the number of flues proportionately less. In the meantime 
loading has been going on, and by the time six flues have been fired, 
should have advanced far enough beyond the first chimney to put up a 
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second, the operation of covering in being repeated in the same way as 
before. This being done, the first chimney should be removed, and the 
space covered up like the rest. This is to be carried on regularly, bearing 
in mind that the firing should never be allowed to come within the length 
of four flues from the chimney. After the draught has been thoroughly 
established, the months of the ash flues can be closed up with loose bricks, 
but not plastered until the 50th flue has been fired. They can then be 
entirely closed and the air for the combustion of the wood can be supplied 
by opening the mouth of the 20th ash flue in the rear of the firing fines, 
and successively as each flue is closed, another ash flue can be opened, and 
the one last opened, closed. By the time the 90th fine has been fired, 
unloading can be commenced, the ashes having first been taken off, and used 
on the part being loaded, which will by this time, have advanced within a 
short distance of the part first fired ; the lower flues can also be opened up 
to the 50th in the rear of the firing, and this should be done regularly. 
The kiln now is in full operation, which can be continued all through the 
working season unless stopped by rain. If, however, in this case the loading 
is well in advance of the firing, the latter may be continued at a dimin- 
ished rate, say by opening a flue every six hoars or even less often, as it 
is a great object not to stop entirely. 

One man on each side, with a change for the night, will be found 
sufficient for firing the kiln ; with an experienced man to superintend the 
final closing of the flues. The firing is under easy control, and the time 
for finally closing the flues can be known by the amount of settlement. 
About two inches all over will be found sufficient. If one part settles 
more than another, the firing should be lessened in that particular part 
The ashes or earth should have been spread evenly, and the settlement 
can then be seen by using a straight edge across the top. By taking 
a sample brick from the top of the outer wall, it can also be seen when 
the bricks are thoroughly burnt. It will be found in practice that the 
Hues on the inside of the circle will be ready before those on the outside, 
and in the proportion the lesser length of the inside concentric walls 
bears to that of the outside. There will at times, therefore, be a flue less 
firing on the inside of the circle. 

The following statements will show results from a section of ten flues hi 
actual practice, the number of hours fired, the quantity of fuel consumed, 
and the cost of the out-turn. The ten flues chosen are somewhat under 



Digitized by VjOOQ IC I 



BULL 8 ANNULAR KfLN. 



519 



the avenge as regards result, having been fired when the kiln was quite 
new, and damp. After passing the part first fired, there is a sensible 
decrease in the consumption of fuel, and corresponding saving in cost. 
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Statement showing Cost. 

24,000 kncha bricks 8f X 4J # X 2f at Rs. 1-4-0, 

Loading the same, at Rs. 0-6-0, 

Firing do., at Ka. 0-2-0, 

Unloading do., at Rs. 0-4-0, 

233 mannds of wood, at Rs. 24, 

Cost of kiln per 1000 fired in one season, 

at Rs. 0-4-0 

Superintendence, &a, at Rs. 0-4-0, 

Total Rs., .. 

which divided proportionately gives 

18,500 1st class bricks, at Rs. 5-4-3-2, per 1000, 
2,400 2nd „ „ „ 4-0-0 „ 
2,750 3rd „ „ „ 3-0-0 „ 
350 Ballast at Rs. 2, 

Total Rs., .. 



Rs. A. P. 
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The kiln can be built either of mud with kncha brick fines and floor- 
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ing, or with kntcha bricks set in mud, entirely. In the Utter case, it will 
cost about Ks. 450, and this distributed over a season's burning, taking 
the minimum quantity at 300,000 bricks loaded per month for six months 
will bo 4 annas per. thousand. In addition to great economy, there are 
other advantages resulting from burning bricks by this method, riz., 
perfect regularity and system in working, an absolute certainty of a fixed 
number of 1st class bricks daily, as long as the kiln is in operation :— ease 
in firing, the strongest winds having no effect on it: — a minimum of break- 
age and distortion : — and thoroughly annealed bricks, from the fact of 
their being completely covered in, and allowed to cool very slowly. 

It will be found an advantage to use a moveable sheet iron chimney as 
shown in plan, to assist the draught, but if not available, a temporary one 
can be built up as before mentioned, and need not of necessity be more 
than 3 feet high. In firing, the mouths of the flues should be kept open 
only just sufficiently long to admit of the necessary quantity of wood 
being supplied, then closed by the earthen dummy, and plastered with soft 
mud. The small hole in the centre of the dummy will, will allow the 
men firing to see when more fuel is required. 

Tiles of all sorts which can be " set" on the concentric walls, can be 
burnt to perfection in this kiln, and if placed in favorable parts, can 
be turned out with scarcely a single failure, owing to the small height of 
the kiln, and consequent light load, and minimum of breakage. 

In conclusion, I have no hesitation in stating, that the bricks burnt by 
this method, are on the whole more thoroughly and uniformly burned than 
in any other kiln I know of in use in India. 

W. B. 
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No. L. 
MAYO HOSPITAL, LAHORE. 

[ Vide Photograph, and Plate Not. XLIIL and XLIV.] 



Communicated by W. Pcjhdon, Esq., M. Inst. C.E., F.G.S., Supdg. 

Engineer. 
Photograph executed by Rai Kcnhya Lal, Assoc. Inst., C.E., Exec. 

Engineer. 



This building has been lately erected at Lahore, under the Superinten- 
dence of Rai Kunhya Lal, Exec. Engineer, Lahore Division, from the 
designs of Mr. W. Pardon, Supdg. Engineer. It is considered a hand- 
some building, and well adapted for the purposes for which designed. 
The following estimate shows the cost at which the building has been 
actually constructed : and as such is a record of the cost of such works 
in Lahore, and the neighbourhood, in the years 1871-72. 

The above building is situated behind the Sudder Bazar, Anarkullee, 
Lahore, on the elevated piece of ground to the south-west of Ruttun 
Chund's Serai. Its style of architecture is " Italian" and in designing 
it, the general principle of hospital accommodation for natives, contained 
in Government of India's Circular, No. 19, of 5th March, 1866, has been 
adhered to, with such slight modifications as the special nature of the 
building demanded, so as to suit it for the purposes for which it is re- 
quired at Lahore, viz., a School of Instruction, as well as an hospital. 

The building is double- storied, the principal facade is 408 feet long, 
the breadth being 51 J feet. 

It consists of four main wards, each 115£' x 22£' x 16' (two in the 
lower, and two in the upper, floor), with dispensary ; out-patients' room, 

VOL. I. — SECOND SERIES. 3 O 
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clinical clerk's rooms, and room tor private examination, in the lower 
floor of the centre part of the building; operating room, store-rooms, 
house surgeon's rooms, and room for operating instruments, in the 
upper floor of the same ; wash-houses, and in-door privies, (the former fit- 
ted with different kinds of baths for patients,) in the projections at the 
four corners, which are quite distinct from the wards, but connected to 
them by a verandah, which acts as a sort of covered passage; thus all 
offensive odours are cut off from the wards. 

Access to the upper floor of the building is given by a flight of steps 
12 feet wide, (sufficient for taking beds up and down,) situated on one 
side of the centre part of the building. 

Flights of narrow steps are also constructed outside the building, for 
the sweepers and bheesties to get access to the upper floors of the wash- 
houses and privies. 

In the centre of the building is a hall, 18' X 18' inside, with a four-storied 
tower over it, surmounted with a dome, terminating in a stone pinnacle, 
and iron finials, gilt at top. The height of the tower above floor level, 
is 107 feet, and above the adjacent ground 120 feet, which is nearly as 
high as the minarets of the " Badshakee Musjid" the highest building in 
the City of Lahore. 

The wash-houses and in-door privies have also a third storey orer 
them, with open archways, covered with a slate roof of equable slope, 
terminating in a point. 

The building is constructed of the best mortar masonry, faced with dress- 
ed bricks ; the foundations are 8 feet deep, 3 feet of which consist of the 
best concrete, well consolidated. The floors are made of dressed square 
tiles, set in lime, on concrete, with fine joints. The main building has a 
slate roof, supported on strong trusses made of deodar wood ; the ver- 
andahs are roofed with beams, kurries, and planks, of the same wood, 
having lime terrace over the planks, on a layer of small bricks laid flat. 

Upper floors of main wards are also tiled, supported on burgahs and 
trusses of deodar wood, with iron tie-rods ; those of centre rooms and 
verandahs are arched, the latter having tie-rods to carry the thrust. 

The main outer cornice is of red sandstone, properly cut, and support- 
ed on stone corbels. 

The doors are made of the best deodar wood, varnished. 

The upper wards and centre rooms have neat boarded ceilings d 
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deodar wood, pierced with holes for ventilation, which open into the 
triangnlar space between the ceiling and the rafters of the roof, which is 
ventilated by means of windows in the gable ends, and wooden towers in 
the middle, fitted with Venetians, Which communicate with the air 
outside. 

The centre rooms are ventilated by means of round windows in the 
walls, close under the wall plates. 

The drainage from the roof is passed throngh iron water spouts fitted 
into holes in the parapet wall, one over every pillar, and the space round 
the building, for a width of 1 8 feet, is metalled with kunker, with a good 
slope outwards, so as to lead the drainage away from the building. 

The building was originally designed for native patents only, but a por- 
tion of it is, now, partitioned off, for the use of European patients 
also. 

The building faces north and south, and affords accommodation for 104 
patients, giving 108 superficial feet of space, and 1,732 cubic feet of air, 
per patient. 

The out-bnildings consist of a ward 20' x 20' for contagious diseases, 
with verandahs round it; dead house 18' X 18' with a verandah on the 
west face ; cook-house (having separate compartments for Hindoos and 
Mahomedans), privies, servants' houses, and an out-door lavatory. 

A low compound wall of pncka masonry, with ornamental iron gates, 
surrounds the buildings. 

The above buildings have cost as follows : — 

B8. a. p. 

I. — Main Hospital covering an area of 26,000 superficial feet, 

@ about Rs. 5-6-0 a foot, ... ... .. 1,40.204 11 5 

II.— Out-houses da, 8,861 superficial feet, @aboutRs. 1-7-0 a foot, 11,355 9 2 

111.— Compound wall, including iron gates, ... ... 5,977 15 1 

IV. — Miscellaneous charges, levelling ground, and making 

approaches, &&, ... ... ... ... 1,403 

Total Rs., ... 1,58,941 3 8 
Of this sum, Government gave a grant of a lakh of rupees from Impe- 
rial funds, and the rest was met from Local funds, the Municipality of 
Lahore paying Rs. 26,697. 

The late Viceroy inspected the hospital on the 18th November last, and 

was pleased to signifiy his consent to its being called " The Mayo Hospital" 

The accompanying plan illustrates the above, and the abstract gives the 
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actual quantities of work, in the different buildings, together with tin 
working rates and cost. 



Extract from Report of the Lahore Medical School for the year 1671-72. 

The main building consists of a centre facing north and south, and of 
two wings placed parallel to the centre, but a little behind it to secure 
free ventilation. 

Each wing is occupied by two large wards, one on the upper story and 
the other on the lower floor, each of which is constructed for 24 patients, 
or 12 on each side. 

Each ward measures \\h\ feet long by 22£ feet wide, and is 18 feet 
high; so that its total cubic contents are 46,777 cubic feet, and its super- 
ficial area is 2,598 feet. 

Hence the wall space for each bed is nine and a half feet, the superfi- 
cial area is 10b square feet, and the total cubic space for each is 1,949 cubic 
feet, or, if the beds and the persons are deducted at the rate of ten cubic feet 
for each bed, and three for each person, there will still he 1,936 cnbic M 
of air available for each patient; while the amount laid down as necessary 
for hospitals in the tropics is only 1,500 cubic feet for each person. 

The arrangements for ventilation are also most excellent. Each ward 
has seven doors on each side and one at each end ; each door measures 4 
feet 2 inches in width and 7 feet nine inches in height ; so that the open- 
ing of each equals 32 square feet 3 inches ; and, as there are 16 doors in 
every large ward, the total amount of space for the admission of fresh air 
is 416 square feet. 

It is usually considered that 3,000 cubic feet of air are sufficient fort 
person in one hour ; so that 72,000 cubic feet would be required for the 
24 patients in each ward. This would be supplied by the passage of 170 
feet of air through all the doors per hour, or of 340 feet, if half of the 
doors were only used ; but this would necessitate the passage of only <> 
feet 8 inches a minute, or little more than 1 J -inch per second, a» 
amount which is quite imperceptible and would cause no draught. Besides 
the doors, there are ventilators above each door, measuring 9 inches bj 
4 feet 2 inches, and two openings in the lower wards near the ceiling 
measuring 9 inches by 16 inches, which lead into the upper verandah. 

In the upper wards the ventilation is effected through the ceiling itself. 
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which is boarded over at the commencement of the slope of the roof, and 
each ceiling contains 12 circular ventilators about 1 foot in diameter, 
each closed by perforated zinc. 

The empty triangular space between the tiles and the boarded ceiling 
keeps the upper wards comparatively cool, even in the hottest weather, 
and it has ventilators at each end and a ventilating turret in the middle. 

There are two fire places in each ward, in which wood was burnt during 
the winter nights. These kept the air of the ward always above 58° F., 
which is the usual temperature of a house in Lahore during the frosty 
weather. 

Access to the upper floor of the building is afforded by a stair-case, 12 
feet in width, and quite straight, to facilitate the carriage of beds up and 
down. There are also smaller stair-cases in the towers at the end of the 
building for the sweepers and bheesties. 

The lower wards are allotted to native male patients — that on the 
west side to Mahometans, and that on the east to other sects. Of the 
upper wards the one most remote from the public stair-cases has been filled 
with female patients ; while the west upper ward at present is occupied 
by European male patients, of whom from three to six are generally 
present. 

The centre of the building is divided below into the dispensary and 
medical store-room ; also the rooms for the examinations of out-patients ; 
of which there are three, one for medical cases, one for surgical, and one 
for optbalmic cases. There is also a room for the private examination of 
patients, and the microscopical and chemical examinations of the products 
of disease. 

In the upper floor of the main building are contained the general store- 
rooms and the wards for eye-patients, the windows of which are darken- 
ed by blue paper; also apartments for the resident clinical clerks; while 
the north verandah is rendered available for an operating room by the in- 
sertion into one of the arches of a piece of plate glass, and measuring 3 
feet by 7 feet: this affords a clear upper light at all times of the year. 

There is also a ward for contagious diseases, separated from the main 
hospital by a wall ; it consists of a large room ventilated by four doors 
and a skylight above. This has been used lately for several small-pox 
cases, and other diseases. This room is 20 feet in every direction, and is 
ventilated by an upper sky-light as well as by the four doors. 
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C ft 



ABSTRACT ESTIMATE. 
I. Main Hospital. 



W, A. P. 

94,334 Excavation of foundation, at Rs. 3 per 1000, . . • 283 

30.373 Concrete work, at Rs. 10 per 100 3,937 9 

47,275 Pucka masonry of foundation, at Rs. 1 5 per 100, . . 7,091 2 3 

17,075 Pucka masonry of plinth, at Ra. 22 per 100, , . . 3,755 10 9 

17^,489 Dressed pucka masonry of superstructure, at Ra. 31-2-5 

per 100 55,910 5 7 

2,360 „ „ „ of upper part of tower at Ra. 33-3-9 per 100, 784 5 8 
a. ft 

21,376 Tiled floor, at Ra. 14-2-8 per 100, 3,028 1 7 

9,789 Arched floor, at Ra. 34-15-1 per 100, 3,420 10 10 

10,720 Wooden floor, at Ra. 74-15-11 per 100 8,039 2 5 

9,765 Flat terrace roof, at Ra. 59-15-10 per 100. .... 5,858 1 

13,956 Slate roof, 14 to 23 feet span, at Rs. 127-2 8 per 100,. . 17,747 5 5 

1,400 Zinc covering of tower, at Rs. 20 per 100 280 

53,818 Pucka plaster inner, including white-washing, at Ra. 3-12-9 

per 100 2,044 5 4 

8,288 Boarded ceiling, at Rs. 0-6-3 per foot, .... 3,208 5 9 

6,374 Doors and windows, at Rs. 1-1-6 per foot, .... 7,029 6 7 

85 Venetians, at Rs. 1 per foot, 80 

r. ft 

1,465 Stone cornice, at Rs. 1-3-11 per foot, 1,822 6 

No. 

894 Stone brackets for cornice, at Ra. 8 each, . . . . 7,151 10 6 
r. ft 

282 Inner cornice, at Rs. 0-4-0 per foot, 58 4 9 

772 Railings of archways of upper story, at Ra. 1-3-1 per foot, 920 10 

8 Privy screens, at Rs. 3 each, 24 

2 Wooden ladders (stair-cases in th«i tower, at Rs. 149- 12-2 each, 299 8 4 

r. ft Outer cornice, at Rs. 0-8-0 per foot, 1,513 7 4 

4 Fire places, at Rs. 24-15-3 each 99 13 1 

8. ft 

172 Punkahs, at Rs. 0-8-0 per foot, 86 

2 Ventilating shafts, at Ra. 200 each 400 

1 Stone pinnacle, at Rs. 25, 25 

a. ft 

800 Red painting, at Rs. 2 per 100 16 

1 Large iron finial with gilt letters, &c, at Rs. 199-3-6, . 199 3 6 
r. ft 

812 Ornamental parapet, at Rs. 2-8 per foot, .... 779 15 5 
s. ft. 

442 Large glazed doors in the upper verandah, at Rs. 0-12-10 

per foot, 355 

1 Plate glass for eye examination, at Rs. 800, . . . 300 

Carried over, 1,36,553 6 10 



Digitized by VjOOQ IC 



MAYO HOSPITAL, LAIIORF. 527 

R8. A. P. 
Brought forward, . . .1,36,553 6 10 

*& f u 

48 Railings in doors of upper and lower 6tory, at Rs. 0-7-11, 

per foot, 23 13 

b. ft 

538 Shelves in dispensary and store room, at Us. 0-3-0 per foot, 100 

Total," . . . .1,36,677 3 JO 

Ornamental Finishings. 
c ft. 

1,324 Fine dressed pucka masonry, including ornamental mould- 
ings &c, at Rs. 60-8-2 per 100, 668 12 4 

4 Ornamental tops to above, at Rs. 5-13-7 each, . . . 23 6 4 

s. ft 

1,710 Wire gauze, including frames, at Rs. 0-7-3 per foot, . . 777 12 
200 Ornamental railings of iron for ditto, at Rs. 2-0-0 per foot, 400 
1,292 Pucka Plaster of soffit of dome rubbed smooth, and executed 
with kunker lime (burnt with charcoal) with stone lime 
mixed in it, including also cost of high scaffolding for the 

workat Rs. ll-14-8i per 100 153 15 10 

8,445 Varnishing boarded ceiling of upper rooms, at Rs. 1 per 100, 168 14 4 
6,197 Blue painting of .lower wooden floors of wards, at Rs. 4 

per 100, 207 

No. 

93 Hooks with iron straps at Rs. 1 each, . ... 93 

32 Sign boards, at Rs. 0-15-11 each, 31 14 

4 New openings opened in the side walls, and fitted with per- 
forated zinc sheet frames (large ones), at Rs. 7 each, 28 
4 Ditto ditto, (small ones), at Rs. 5 „ . 20 
70 Iron water drips for the roof, at Rs. 2 each, . . 140 

c. ft 

3,360 Concrete work under ditto, at Rs. 11-5-0 per 100, . . 880 12 9 
s. ft. 

60 Altering windows at the back, at Rs. 1 each, . . . 60 C 

2 Openings to be enlarged, and sides rebuilt with pucka ma- 

sonry of dressed bricks, at Rs. 7 each, . . . 14 
mds. 

3 Copper plates, 34* x i", at Rs. 60 per maund, . . 160 
6-10 Iron bar, 4' x ¥> at Rs. 8 per maund, .... 50 

Contingencies, .... 160 

Total for Main Hospital, . . . 1,40,204 11 6 

U. Out-houses. 

Ward for contagious disease, 1,800 11 4 

Dead house, 3,168 11 1 

Cook house, , 2,697 8 6 

Servant*' houses, 2,164 3 11 

Carried forward, 9,730 13 10 
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Ba a. P. 

Brought forward, 9,730 13 10 

Chowkeedar and durwans* houses, 476 O 4 

Out-door lavatory, 551410 

Lar^e privy, 395 2 1 

Small privy 202 4 1 

Total for out-houses, . . 11,355 9 2 

III. Compound Wall, &c. 

Compound wall including iron gates, 5,977 15 1 

IV. Miscellaneous Chabges. 

Levelling ground, making approaches, &c., .... 1.40.3 O 

Grand Total Rupees, . . . l,e»,iMi 3 3 

Abstract. 

I. Main Hospital, 1,40,204 11 5 

IL Out-houses, 11,355 9 2 

III. Compound Wall, &c., 5,977 15 I 

IV. Miscellaneous charges, 1,403 

Total Rupees, . . 1,58,941 3 8 
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No. LI. 

BULL'S SLEEPER AND FISH-PLATE JOINT FOR PER- 
MANENT WAY. 

[Vide Plate XLV.] 



Description of a new style of Sleeper and Fish -plate Joint Jor Perman- 
ent Way. Designed and patented by W. Bull, Esq., Resident En- 
gineer, Oudh and Rohilcund Railway, Lucknow. 



So many Engineers of standing have written and published largely on 
the 8 abject of permanent way, and so many improvements and alterations 
have been suggested and carried out from time to time, that it is difficult 
to judge to what extent anything now brought forward is original, or 
merely a modification of some tiling which has been tried before. As 
far as I can ascertain, the plan I now propose to give a description of, 
is original in all the parts for which originality is claimed, and if it be 
considered worthy of a trial, experience will show the value if any, which 
ia to be placed on it. 

It is in connection with the bearing parts and joints of the rails, or 
the parts by which the maimainencc of a line of Railway is chiefly affected. 
The rail Hook on as an exhausted subject, and when there are several good 
sections to choose from, it becomes more a question of manufacture, thar 
the superiority of one particular kind over another. The kind of sleeper 
proposed is best suited for a flat-bottomed rail, and if the double headed 
rail be used, a cast or wrought- iron chair would be necessary. It is 
shown in the accompanying sketch, suitable for a 5J foot gauge. 

A great advantage it is hoped may be gained from the use of this 
style of sleeper is, that 90 per cent, more or less of the ballast osual- 

VOL. 1. — SECOND SERIES. 
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ly required will be dispensed with, and I would only use it imme- 
diately under the sleeper itself, to be supplied at the ends, and at the 
opening in the middle. In the many different kinds of permanent way 
in use, the only advantage gained by the use of a complete layer of 
• ( ballast, not obtainable from an equal quantity of earth or clay filling, is 
that of getting clean unmixed material for packing up when required, and 
it is only a very small portion which is thus used. In every other respect, 
on embankments in particular, it is a disadvantage to have a loose open 
material, which allows rain water to run through it and collect in pools 
underneath, causing the material cf which the bank is composed to be 
gradually worked up into a state of soft mud, and the settling down of 
the rails to a much greater extent than is due to the subsidence of the 
bank itself, which if well constructed is sufficiently consolidated after two 
or three rainy seasons to bear the permanent way, with but very alight 
settlement, if care be taken with surface drainage. It may be said that 
the " Camber " given to a bank, will sufficiently throw off the water which 
percolates through the ballast, and doubtless it would if it remained as 
originally constructed, but such is never the case, as there is always a de- 
pression in those parts which have to bear the weight of the rails with the 
load they have to carry. Any bank, from which permanent way has been 
removed after some years, will be found of a most irregular surface ; and 
the outside which has had no weight to carry, will be always the highest, 
particularly if the bank has been in the first place badly made, and 
owing to the great settlement the ballast has required to be banked np 
with earth, as is often done. 

By the plan proposed, the rain water which would otherwise find its 
way as before said, to the depressed parts of the bank, and injuriously 
affect the level of the rails, would be almost entirely thrown off. After 
" linking-in" on the formation, the rails should be lifted, and levelled by 
packing at the ends, and open parts of the sleepers between the rails. 
Allowing for a six inch lift, which should take the depressions out of the 
worst constructed bank, we should require 9' x 16" x 6" (allowing for 
ballast spreading at the bottom), or six cubic feet for each sleeper, or per 
chain of loO feet, 180 cubic feet, in place of 1500 cubic feet, which is the 
average quantity required for a 5 J foot gauge. The ballast I would 
propose to use, would be a mixture of sand and fine kunkur, or any other 
small ballast, and this if carefully filled into the open part of the sleeper 
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between the tie-bars, would almost entirely throw off the rain. The very 
large saving in ballast thus caused, would materially affect the cost of a 
line of Railway. Between the sleepers I would fill in the same material 
as that composing the bank. It should be carefully filled in and conso- 
lidated, to the section shown in the plan. After a Line has become 
thoroughly consolidated, the rails might be banked up with the same, 
leaving an outlet for the surface water between every sleeper. 

From the manner of packing, all contact of the ballast with the earth 
«f which the bank is composed, would be saved, and for keeping the Way 
up, a very small quantity only would be required. The ease with which 
«ach a style of permanent way would be maintained, and economy con- 
sequent thereon, is so apparent, as to need no further remark. 

It is further clear that if we dispense with ballast we should not re- 
quire the extra width of bank given to keep the ballast from spreading 
on the slopes, and 12 feet at formation level would I believe be found 
ample. This would also enable us to reduce the width of bridges. 

In designing the fish-plate, care has been taken to increase the strength 
of the joint, and by a simple arrangement it will be seen that not only the 
bearing power of a sleeper at the joint is utilized, but also the transverse 
strength, the object in view being if possible to prevent, what is invari- 
ably the case on every line of railway on which I have travelled, viz., the 
blow or shock which is felt at every joint ; which not only necessitates the 
exertion of a much greater power by the locomotive, than would be other- 
wise necessary, but involves more frequent lifting of the Way. This 
arrangement is shown in the plan, and in " Hnkiug-in " the clips on the 
lower part of the fish-plates should first be dropped into the square holes 
in the joint sleepers, and the whole slipped on the rail last laid ; the next 
rail should then be pushed in, giving due allowance for expansion. It 
is obvious that the screwing up of the fish-plate bolts in combination 
with the wedge shape of the flange of the rail, will cause a powerful 
leverage to be exerted towards drawing the parts composing the joint 
very firmly together. 

To preTent the rails from getting out of a straight line from the pas- 
sage of trains, a cross plate or tie should be fixed immediately under the 
rail inside every joint sleeper. This is shown in section (a), and might be 
joined to the sides of the sleeper by the end being bent to a right angle, or 
by a piece of angle iron, as the manufacturer might think best, with a 
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couple of rivets on each side. This would also materially increase the 
strength of the joint. 

A statement is here given to show the comparative cost of the parts 
which are different from those in permanent way in common use, taking 
for this purpose that used on the Oudh and Rohilcnnd Railway, N. W. 
of Lucknow, the gauge being 5' 6*. The fish-plate would cost about the 
same in both cases, and is not included. 

Oudh and Rohilcnnd Railway. 



Description. 



Weight. 



OoftinLocbwv. 



2 Pot sleepers, Livesay's patent, , 
2 Keys for above, • • • • 

1 Tie-bar, 

4 Cushions, .. •• 

2 Cotters, 



Totals, 



lbs. 
160 

10 

24 



196 



Proposed Plan. 
One wronghtriron sleeper with bolt, lbs. 140, probable cost, Rs. 8-12-0 



The simplicity resulting from the great decrease in the number of parts 
is obvious. 

In the plan, the fish-plate is shown extending beyond the sleeper, and 
with four bolts. It is possible that with the joint sleeper 12 inches 
broad, and the fish-plate the same in length, two bolts would be sufficient 

A style of Permanent Way with the rail bearing directly in a wrougbt- 
iron sleeper is in use on the Oudh and Rohilcnnd Railway below Luck- 
now, but it is very difficult to lay, owing to the method of fixing the rails 
on the sleepers, and has other disadvantages, which it is hoped the pl*n 
now proposed will obviate. 

W. B. 
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No. Ln. 



BEAMS " FIXED " AND " SUPPORTED. » 



By Capt. Allan Cunningham, R.E., Honorary Fellow of King's 
College, London. 



Thbrs is a remarkable discrepancy in statement of the relative strengths 
of a beam cinder transverse strain in the two cases of its being 
(1). Firmly fixed at both ends. 
(2). Simply supported at both ends. 
The ratios given in different authors are either 8 : 2, 2 : 1, or 3 : 1. 
By some authorities, the difference is said to be wholly a difference be- 
tween theory and experiment. If this "were really the sole difference, 
it would probably follow that if the experiments were trustworthy, the 
theoretical results must have been founded on false premisses, and most 
practical men would be inclined to accept the results of experiment. 

This is, however, by no means the case. The results obtained by ex- 
perimentalists differ from each other, and those obtained by theorists 
differ also from each other. The present paper is an attempt to explain 
the cause of these discrepancies, which are so great as to be almost a 
disgrace to the profession. 

The statement of results in the various authorities may be classed as 
follows :— 

(1). Results derived directly from experiment. 
(2). Results obtained theoretically from certain simple laws (of 
resistance of materials) previously established as very 
approximately true by experiment 
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(3). Simple statements of actual results, without any evidence. 
These may be roughly styled results 

(1) of experimentalists (See Table I). 

(2) of theorists (See Table II). 

(3) of copyists (See Table III). 

The two former are obviously the only ones of real value as originals, 
the latter may be held however to represent the opinion of the profession. 

It will be well to define the terms " strength " and " fixed/' as great 
part of the discrepancies probably depend on different meanings being 
attached to these words. By " Strength " is meant one of two things— 

(1). " Ultimate Strength" which is measured by the "Breaking 
Load." 

(2). "Working Strength" which is measured by the "Working 
Load" (i.e., greatest safe load). 

By "fixed" is meant that the beam is supported and also firmly fixed 
in direction at both ends, t. «., so that its neutral axis shall remain unal- 
tered in position by the action of the load. The character of "fixing" 
requires particlar attention : even so great an authority as Prof. Robison 
advances a demonstration (v. infra, Table III.) in which the beam is 
imperfectly fixed. 

The relative strengths in question are stated generally for three distinct 
distributions of load : — 

Case I. Load concentrated at middle of the beam. 

Case IL Load uniformly distributed along the beam. 

Case III. Load concentrated at any point in the beam. 

The author has consulted* every work in the Central Library, Roerkee, 
which seemed likely to have any bearing on the subject, and has arranged 
the statements of the various authorities into three Tables I., IL, III.— 
showing clearly the nature of the evidence (when recorded) on which each 
original author has based his statement, and has also recorded At* own 
opinion on the character of the theoretical demonstrations given. 

Discussion of the Experimental Evidence. 
It is stated on high authority (Telford, P. Barlow, Tredgold) that the 
discrepancies are discrepancies between experiment and theory. This can 
however be the case only in Case L, when the beam is loaded in the 

• It should be understood that the author has actually consulted every work from which be 
quotes, except those whose titles are in italics (of which there are no copies in the Bootkee Library). 
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middle, as the experiments (see Table I.) seem to have been made in this 
ease only, so that all the authorities are alike theorists as regards Gases 
II. and III. 

The most important of the experimentalists is undoubtedly P. Barlow* 
who distinctly declares his opinion that the experiments of Mariotte and 
MuBchenbroek were not on a scale suited to determine the question, and 
that his own were conducted with great care on purpose to settle the 
discrepancy between the assigned ratios (of 3 : 2 and 2:1). 

It is particularly to be noticed that the experimental ratio 3 : 2 is in 
every instance determined from the Breaking Weight of wooden battens 
of uniform rectangular section loaded only at the middle. 

It is to be regretted that Prof. Robison who supports the ratio 2:1, 
which he obtained theoretically did not detail the experiments which he 
made to test his theory : they appear to have been experiments on de- 
flection. 

Discussion of Theoretical Demonstrations. 

These may be classed under two heads. 

(I). Demonstrations from Breaking Weights. 

(2). Demonstrations from stresses within elastic limit. 

Class 1. The author considers the whole of the demonstrations of the 
first class (from the authors quoted) unsound : the greater number depend 
upon several unproved assertions (the proof of the truth of which would be 
very difficult), andean therefore only be held as attempts at a popular de- 
monstration, amounting in fact only to a probability of the truth of the re- 
sult given. These the author has styled " hypothetical demonstrations." 

Tlie demonstration given by Prof. Robison the author considers as sound 
in itself, but inapplicable inasmuch as the beam which he considers ia 
decidedly only imperfectly fixed over its supports,* as the neutral axis is 
permitted to take up a slope. 

The unsatisfactory character of the demonstrations of this class may be 
seen from the discrepant results. 

Class 2. — The results obtained from the more recent of these demon- 
strations (from stresses within elastic limits) have at any rate tbe merit of 
being consistent with one another with two important exceptions. 
(1). By P. Barlow. (2). By the Rev. H. Mosely. 

• Hit beam is laid continuous over 4 support*, and fixed at the two outer : he considers the oentral 
portion as a beam JUad at both ends ! 
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P. Barlow's demonstration.— This is vitiated by the error (pointed out 
by the writer in Paper XLIV. of " Professional Papers on Indian Engineer- 
ing," Second Series) made by Barlow in his Deflexion formulas, viz,, that 
the Deflexions in a cantilever and in a beam supported at the ends, loaded at 
middle, and under the same load are as 1: ^. This error (the correct 
ratio is 1: -jV^is corrected in the 1867 edition of his "Strength of 
Materials:" the admission of this error of course destroys the proof of the 
ratio 3 : 2, and in fact reproduces the very ratio 2 : 1 of which P. Barlow is 
the principal antagonist. 

But there are grave objections to the whole argument, as to which it is 
perhaps sufficient to note that the supposed demonstration has been omitted 
from the 1867 edition, which is perhaps sufficient proof that the later 
editors have felt these objections. 

H. Mostly s demonstration. — The ratio 3 : I given is really the ratio of 
the longitudinal stresses at centres of the respective beams : this author 
has omitted to notice that in fixed beams (uniformly loaded) the greatest 
stress is at the abutments and is twice that at the centre. Introducing 
this modification Alosely's result becomes 3 : 2, agreeing with the other 
authorities of this Class in Case II. 

Other demonstrations. — The whole of the demonstrations of this Class 

(except P. Barlow's) are obtained as the natural consequences of the 

following simple laws established by experiment as true for beams only 

slightly deflected, and under stresses not exceeding the elastic limit, viz. : — 

(1). The longitudinal strain (t. c, elongation or contraction) along 

any originally horizontal layer is proportional to the distance 

of that layer from a certain line, i. <?., the strain throughout a 

cross-sectiou is uniformly varying. 

(2). Stress varies as strain. 

(3). The elongations and contractions of a bar under the same load 
when stretching and crushing respectively, are, equal in amount. 
The results must necessarily be true within the limits prescribed (vis. 
deflexion slight, and elastic limit not exceeded), if these premisses are true, 
but it will be absurd to infer that these results are even approximations 
beyond those limits, i. e., no inference can be drawn as to ratios for Break- 
ing Weights. 

This method of demonstration, viz., from a consideration of the " elas- 
tic curve," or curve assumed by the neutral axis of the beam, appears 
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(to tbe author) to be tbe only safe method of treatment in the case oi a 
beam which is both supported and fixed. 

Remarks on Statement of Copyists. 

These books are merely compilation of facts, but are important as show- 
ing the opinion of the profession. The compilers have not been sufficiently 
careful in invariably stating the "conditions" to which their ratios were 
applicable. 

On the whole they bear ont the author's opinion that in Cas3 I., the 
ratio 3 : 2 is applicable to ultimate strength and the ratio 2 : 1 is appli- 
cable to working strength. It is remarkable that the modern compilers 
quoted are unanimous in giving the ratios as 3 : 2 in Case II , with the 
exceptions of Molesworth's and Nystrom's Pocket-books. 

Conclusions. 

Case I — It will have been noticed that the ratio 3 : 2 is for this case 
dependent chiefly on Experiments on the Breaking Weights of beams, and 
that of 2 : 1 chiefly on Theoretical demonstrations from Stresses within 
elastic limits (demonstrations from Breaking Weights b9ing in the author's 
opinion unsound). 

The authors conceives that the explanation of the seeming discrepancy 
probably lies in the fact that the ratios indicated are 

(1) of Ultimate Strengths, by the experimentalists (viz., 3:2), 

(2) of Working Strengths, by the theorists (viz., 2:1), 

and are very likely both correct under the conditions intended. As to 
the comparative utility of these two ratios, the author believes that the 
general opinion of the profession now is that large beams should always 
be designed from the safe limit of stress — intensity of the material, not 
from the ultimate strength of the material. 

Case II. — No experiments recorded (among the books accessible^. The 
only sound demonstrations show the ratio of Working Strengths to be as 
3 : 2. 

Case III. — No experiments recorded, and no demonstrations dis- 
covered (among the books accessible). The author has calculated the 
ratio of Working Strengths according to the principles indicated by him, 
and finds it to be (not 3 : 2 as stated by some authorities) that of 
" Clear Length of Beam : Greater Segment". 

VOL. I. — SECOND SERIES. 3 g 
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FOUBACBES* DEEP-WELL BXCAVAT0B3. 



No. LIII. 



FOURACRES' DEEP-WELL EXCAVATORS. 

[Vide Plates Noe. XLVL and XLVH.] 



Invented and Patented by Mb. C. Fouracrbs, C.E. 



Bkfobe describing the new Deep-well Excavators in use on the Bern 
Anient, and with the view of making this article complete, and render** 
the working of the new machine intelligble to any readers who may «* 
be acqnainted with Mr. Fouracres* original invention, it is necessary 
reproduce in an abridged form the description of the latter. 

Fouracres' Well Excavator.— The accompanying drawing will make tte 
construction and action of the Excavator clear witt 
very few words of explanation ; it consists of— 

lrf.— A spear of 1 inch square iron, 12 feet long, 
with shackle at the top to sling it by, and a cross-head 

at bottom. , 

2^.— Two segmental scoops, hinged on the ends « 

the cross-head, and forming when closed 
(the edge of one slipping just within the 
other), a bucket of rather more than the 
third of a cylinder. Materials, sheet-iron 
and angle-iron for corners. 

3,-d. — Two iron collars A, B, sliding 
loosely on the spear, and connected at a fixed distance asunder, by » & 
cond side spear. To the lower collar are attached two hinged rods, F, fe 
open and shut the scoops. To the upper collar, a small wooden platforfflf 
ED, is fixed, on which two men can stand whose weight will force down tf* 
instrument ; or, in working below water, an iron weight can be substituted. 
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4th — A lever hinged on the top of the spear to open the jaws of the 

scoop when over the discharge platform. 

btL — There are also two 6 tops on the spear, and a spring clasp, C, to keep 
the jaws open while the scoop 
is being lowered. 

The action is very simple. 
The machine is slung over 
the well or block by tackle 
and pulleys worked by a 
windlass, from any conve- 
nient form of staging ; it is 
lowered, with the jaws in the 
open position, till it rests on 
the bottom ; the two attend- 
ants step on the platform, 
and one with his foot releases 
the spring clasp ; the wind- 
lass men at once wind up, 

but the weight of the men keeps the scoop from 

rising till the jaws have closed and it is full of 

sand ; then all rise together ; the two men step 

off on the sides of the well, and, as the full 

bucket rises to the level, they sway it over a 

wooden platform at the side, and pull smartly 

at the lever ; the jaws open, and the catch holds 

them; so the sand falls out on the platform; 

the machine swings back, and is immediately 

lowered again, while the sand is shovelled or 

run away. This can be repeated at the rate of 

one lift per minute, lifting 1£ to 1 J cubic feet 

each time. 

Deep-Well Excavator. — The action of the 

Excavator is in every respect similar to that of Fouracres' ordinary Ex- 
cavator for small wells with this exception, that the process of closing the 

scoops of the Excavator is performed by two chains and a windlass, instead 

of by actual pressure by men's weight. The Excavator is lowered into the 

well, in the position shown in the drawing (Plate XL VI.) by the chain a, 
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the end of which is attached to a windlass in any convenient position : as the 
men lower the chain a, those at the windlass b wind up the chains c which 
become loose as the Excavator descends; when tne Excavator reaches the 
bottom of the well, the catch d is released by means of the rope attached to 
it, and the scoops are closed by tightening np the chains c, which draws 
down the collar/, and so shuts the scoops upon the sand ; when the Ex- 
cavator has taken its load, the men at the windlass attached to the chain 
a, wind it up, and those at the windlass b unwind their chain, so that the 
Excavator is free to rise; when the machine reaches the top of the well it 
is swayed over the side, and the load released by opening the scoops with 
the lever c, which is hinged to render the machine more handy; when 
lowered into the well a email line t keeps the lever in position to prevent 
it fouling the side of the well. 

The pulleys marked g through which the chain c runs, are pnt on to the 
well when the curb is first laid ; the tie-rods outside, marked A, keep the 
pulleys in their places, while the well is being suuk and also tie the well 
together, to prevent the lower part falling in ; they also keep the windlass 
b on the top of the well firmly in its place ; when the well is sunk to the 
lull depth, the outer rods are driven down clear of the hook ; the pulley 
can then with very little trouble be extricated from the curb, for it only 
fibs loosely into wood ; the stirrup rods can then be drawn. 

Self- Closing Deep- Well Excavator.— The Excavator is lowered into the 
well in the position shown by the dark-lined portion of the drawing, Plato 
XL VII. with the exception that the diagonal arms marked b are kept np in 
the position shown by the dotted lines, until the scoop of the Excavator takes 
the ground ; when the scoop is resting* on the ground, the arms (Jb) are low* 
ered by means of the rope (c), until they are in the position shown by the 
dark-lined portion, when the Excavator is thus fixed as it were at the 
bottom of the well, for it is evident that the collar a, (which is firmly 
ri vetted to the main rod of the Excavator,) is completely prevented from 
moving by the compression of the diagonal rods b upon it, the catch marked 
d is liberated by pulling the rope attached to it ; when this is done the 
men at the windlass commence to wind np the main chain, which, being 
passed round the pulley e, and fastened to the collar a, draws down the 
collar t, and so presses the scoops of the Excavator into the ground ; at 
the same time the cross head /, attached to the main chain rises with it, 
and as it rises it lifts the ring and chain g ; the length of this chain is so 
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adjusted, that at the same time as the jaws are closed, the tension of the 
chain g draws away the diagonals b from the side of the well, and when 
this is done the whole machine is free to rise with the load. 

When the Excavator is lifted to the top of the well it is swayed over 
the side, and a chain attached to the scaffolding, which has been previously 
adjusted to the correct length, is hooked into the hook h ; the men at 
the windlass then lower away, and as the chain attached to the hook 
becomes tightened, the weight of the Excavator causes the scoops to open 
and discharge their load, and at the same time the machine is re-set ready 
for lowering into the well. 

C. P. 
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No. LIV. 

MEMORANDUM ON SOME EXAMPLES OP WALLS 
AND ARCH BUILDINGS IN CEMENT CONCRETE. 

[Vide Plate No. XLVEX] 



By Lieut., H. C. Pox, R.E. 



1. Petroleum Store at Bristol. — This building is an example of an at- 
tempt to carry the advantage possessed by concrete over other building 
materials, viz., saving in cost, to its utmost limit. The structure as is 
evident from the sketch, is somewhat of a tour de force, and its partial 
failure, though due in a great measure, to faulty and unscientific design, 
tends to show that in the use of concrete it is unwise to save money at 
the expense of the factor of safety. 

(Referring to the sketch) the dimensions of walls and arches are as 
follows :— 

Party walls (pierej, 6* thick. 
Arches at springing, 5* „ 
„ crown, 4* n 

Dimensions below floor level (in cement concrete) are not known. 

Metho^ of tracing abutment arches in end chambers not known ; but in 
these two instances, the sketch gives a fair idea of the architect's drawings. 
The concrete was made of Portland cement, of very good quality (a 
high test for resistance to crushing, and tearing apart being specified) 
mixed with five times its bulk of furnace "clinkers/ 1 and I believe a 
small quantity of sand. The " clinkers " were used with a view to ob- 
taining a concrete of small weight, though the architect could give no satis- 
factory reason for his wish to obtain this quality, and as the clinkers, 
varied a good deal in porousness and resistance to crushing (some being 
vitrified, while others were little stronger or harder than common coal 
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nders) they were very unsuitable for use in concrete, which as in this case 
had to stand a severe and irregular strain. I was told that great care 
was taken in mixing, laying, and ramming the concrete 1 , the work being 
constantly supervised by a foreman of works appointed by the architect. 
The contractor also was a well known and trustworthy man. 

A glance at the sketch will show that the structure of cement concrete 
was most unscientifically and unfairly loaded, and as might have been ex- 
pected, when the load was put on, one of the end arches burst outwards at 
the haunch (D in sketch), and all the building on one side of the central 
passage (see plan) fell in ; the party walls however, were not entirely thrown 
over, but broke at a, a, a, and the end walls stood. Moreover the corres- 
ponding range at the other side'of central passage, when I saw it after the 
accident, showed no signs of failure, though it must have been subjected 
to a severe shake when the other range fell. The arches fell in very large 
pieces, but did not break in the floor. The concrete work had been com- 
pleted two months when the failure took place. 

I may add that the architect having attributed the failure to bad ma- 
terial having been used by the contractor, and a lawsuit threatening, the 
proprietor asked me to give him my opinion on the case. After inspecting 
the work, I was able to convince the architect, that he was to blame for 
the failure, and eventually he compromised the matter, bearing $rd the 
expense of rebuilding. 

I also suggested the following alterations in the design, which I believe 
will be carried out in rebuilding the fallen part, and applied as far as pos- 
sible to the part which remained standing. 

1. Concrete in new walls and arches to be made of broken hard stone, 
(each piece to be small enough to pass through a 2-inch ring), mixed with 
mortar (made of one cement, to one pit- sand) in quantity sufficient to a little 
more than fill the interstices between the stones. This quantity to be deter- 
mined by experiment (one mortar to six stone will be about the proportion). 

2. The concrete to be rammed till each stone touches the adjacent ones. 

3. Iron tie-rods to be introduced in the arches, except the end ones. 

4. The contour of the superstructure to be altered somewhat as shown 
on sketch in dotted lines. 

With these alterations I think the structure will be safe, though as the 
foundation is notgood, the chambers should not be unequally loaded. 
IL Fortifications at Bermuda.— The typical plan of a casemated bat- 
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tery given in the R.E. Professional Papers, Vol XIX. (1871)., Piatt YL, 
to face page 90, is almost co-incident with the design of Fort Cunning- 
ham, Bermuda, (a work of which I was in charge for three years). The 
principal differences are as follows :— 

Ground level, ft. c. same as that of * gun-floor/ the magazines being in 
an excavation. Span of arches 16' 6" instead of 18' 9". D7 ditch. 
Fort Cunningham, is on the top of a hill. 

After about half the magazines had been built in masonry, the CUE. 
decided that the remainder of the work should be executed in cement 
concrete, and when I gave np charge of the work this had been done, 
with the exception of the arching of the superstructure. 

The concrete was made of hard crystalline limestone, Portland cement, 
and oolitic limestone powder (used as sand), and as concrete for building 
purposes had not been used before at Bermuda, a great number of com- 
binations were tried before a final proportion between above material 
was arrived at. At first the hard stone was broken by hand, but eventual- 
ly a " Blake's stone crusher," (for description, see Gillmore, on Limes, &&, 
page 243, et seq.) y was obtained, and used with very satisfactory results. 
From the solid block, this machine produced broken stone (to go through 
a 2 inch ring), containing about 12 per cent, of coarse sand, and most of 
the work was built of concrete composed of nine parts broken stone, with 
its sand in it, to two parts cement mortar ( one Portland cement to one 
soft stone sand). 

This concrete was laid at the rate of 9" per diem, and when finished, 
had a fine smooth surface, as good as if it had been rendered. Movable 
boards wedged out from uprights were used as moulds for the walling; 
and in arching, a ring of brick (with a few headers to bond with concrete 
above) was turned over the centres to form a soffit, and the remaining % 
feet of the arch formed in concrete. In one case an arch of 10 feet span, 
(about 2 feet rise) was built entirely of concrete, and the centering struck 
8 days after the arch was complete. This was done as an experiment, and 
not the slightest settlement could be observed. In some cases no stone 
or other lintels were used over openings in the walls, and all the openings 
and shafts for shell and powder lifts, issuers, lamp boxes, &c, were form- 
ed in the concrete, by wooden moulds slightly greased. 

The principal difficulty was found in forming exterior angles, which on 
plan are shown rounded. A variety of expedients were tried to overcome 
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this difficulty, and the most successful in my opinion was that of building 

a quoin at each angle, either of 
14 or 9 inch brick, stone, or 
best of all, in moulded concrete 
blocks. These quoins should be 
built in strong cement mortar, 
and if formed of blocks of stone 
or concrete, these may be do well- 
ed with small wooden dowels. 
Sketch to show method of forming exterior angles. In ramming the concrete a con- 
si lerable thrust is sometimes brought against these quoins, which must 
be strong enough to withstand it (see sketch). Besides ensuring the accuracy 
of the concrete work, these quoins improve its appearance when finished. 
The cost of this concrete at Bermuda was about T 7 ff ths that of brick- 
work. Generally, however, the cost of concrete depends on so many con- 
tingencies, such as — 
Cost of unskilled labor, 
Carriage of materials, 
Water supply, &c, 
that its cost, as compared with that of brickwork or masonry, will vary 
at every different locality. 

I consider that Portland Cement is the only safe material of its kind, 
which can be used in building " pise " concrete walls, but good blocks may be 
made of many other materials if sufficient time can be allowed for " setting.' 9 
I have made good blocks with pure lime and sand ; — puzzuolana (St. 
Vincent's), pounded brick, or ground cinders being mixed in certain pro- 
portions. 

Borne suspicion has been of late cast on the durability of Portland and 
other artificial cements. Being stationed at Harwich, Essex, where Port- 
land cement has been manufactured for many years, and extensively used 
for building purposes, I observed some cases of old Portland cement 
rendering which presented a honey-combed (or ' shelly ' as it is called in 
those parts) appearance, but I think this may have been caused by the 
proximity of the sea, and the consequent presence of muriatic acid in the 
atmosphere. I have never been able to observe or hear of any other cause 
for the above suspicion. 

H. C. F. 
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No. LV. 



WEBB'S SUB-AQUEOUS EXCAVATOR. 

[Vide Plate Ms. XLEX. and L.] 



Description of Webb's Patent Sub-Aqueous Excavator. By E. W. 
Stonby, Esq., Resident Engineer \ Madras Railway. 



Thb excavator is a cylinder, from which about a fourth part is removed, 
to form horizontal and vertical cutting edges a, b, Plates XLIX. and L. 
It is formed of boiler plate rivetted to angle iron framing. On top are 
two iron catches C, D, which receive the wrought-iron bow E, this slides 
up and down the square guide bar F. 

To the upper side of this bow the hoisting chain G, is attached by 
short pieces h, t, while underneath a pair of short chains k f I connect it 
with the excavator. 

The square bar F, by means of which the excavator is turned and 
gnided in its ascent and descent, together with its capstan, crab winch, 
and framing, all clearly shown in the drawings, complete the apparatus. 
The guide bar F is made in convenient lengths, connected by the joint X, 
and carries a sliding collar N, which can be clamped at any part of it, by 
means of pinching screw r. 

On each side of this collar a hook is rivetted for the purpose of sup- 
porting the hoisting chains G, when disconnected. 

The hoisting chain is provided with special links every six feet, which 
allow of its separation at them. 

The mode of using the excavator is as follows i — The frame is placed as 
shown in Plate XLIX., over the cylinder or well to be sunk, and the bar 
F dropped to the bottom of it. The crab barrel is then thrown out of gear, 
which allows the excavator to descend by its own weight, being guided 
in its descent by the bar F, which passes through the bow E : as soon as 
it reaches the bottom of the well, the hoisting chain G is disconnected at 
ne of the links provided for the purpose, the upper part leading from 
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the winch being hooked to the frame at M, while the lower part which is 
connected with the excavator is hooked to the collar N : this allows 
the excavator to be turned without getting the chain G twisted round the 
bar ; the men at the capstan then give a few turns from right to left, 
which fills the excavator ; (5 turns are generally sufficient to do so). A 
quarter turn of the capstan, in the opposite direction releases the bow E 
from the excavator, which remains embedded in the material being ex- 
cavated ; the chain G is now unhooked at N, M, and joined up as before, 
and the bow E drawn up by turning the winch W ; as soon as it is raised 
to the extent of the chains k> I, it lifts the excavator, and at the same 
time tilts it as shown in Plate L, in which position it is drawn to the top 
and emptied into a truck provided for the purpose ; or to save time, the 
full excavator may be removed, and an empty one hooked on to the 
chains ifc, I ; so that when this comes up full, the former one will be ready 
to take its place, to be again lowered and filled. 

The inventor states that the most useful sizes are 1 foot 6 inches 
diameter by 9 inches deep, and 2 feet diameter by 1 foot deep : (the former 
size being suited to hard material, such as stiff clay, &c, and the latter to 
softer stuff, as mud, sand, &c.) : that this excavator will raise per day on 
an average, 60 cubic feet of hard material, such as stiff clay and laterite 
gravel, from a depth of 50 or 60 feet below water, when worked exclusively 
by men : that this rate may be increased to 180 cubic feet per day, if a 
steam crab or hoist be used ; and that probably double these quantities 
of soft stuff would be raised. Six men are sufficient to work this machine. 

The inventor further says, that the cost of the excavator complete with 
frame, crab, chains, &c, would be about Rs. 300, and a royalty of £50 
per annum for the use of each machine will be charged. 

The cost of a steam winch 4 horse power with boiler and steam fittings 
complete would be about Rs. 1,800. Assuming these data, the cost of 
working would be, as under : — 

By Manual Labor. 

6 Men, at Rs. 0-6-0 per day, 

1 Mistry, at Rs., • . • 

Wear, depreciation of machinery, repairs at 25 per ) 
cent per annum on value, Rs. 800, • • . . J 

Royalty on patent, Rs. 600 per annum, •• 

Cost per day, .. .. .. Total, 5 1 
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for 60 cubic feet excavated, or a rate of Rs. 0*1*4 per cubic foot — El, 

2-4-0 per cubic yard. 

By Steam Power. 

RS. A. P. 

1 Engine driver, at Rs. 1 per day, 1 

1 Stoker, at Rs. 0-8-0, 8 

7 Men coolies, at Rs. 0-4-0, 1 12 

24 Cwt coal, at Rs. 30 a ton, 3 12 

| lb Oil, 2 

25 Per cent on Rs. 2,100 for wear, depreciation, 1 1 10 10 

and repairs of machinery, J 

Royalty on patent, .. ..' 1 9 7 

Cost per day, Total, 10 6 6 

Quantity excavated 180 cubic feet, or a rate of Rs. 0-0-11 percubk 
foot, or Rs. 1-8-9 a cubic yard. 

If wood fuel be used, the cost would be for fuel 7£ cwt., at Rs, 3 
per ton = Rs. 1-2-6. This would reduce the cost of working to Rb. 
7-12-11 a day = Rs. 0-0-8 per cubic foot, or Rs. 1-2-0 per cubic yard. 
This excavator had a prolonged practical trial in sinking the Iron Cy- 
linder foundations for the Kudlahoondy Bridge, Madras Railway. Twen- 
ty-six cylinders 6 feet diameter, were sank by means of these excavators 
to depths of from 37 feet to 65 feet below the water level, 
through 2 feet of mud. 
„ 10 „ sand. 
„ 25 „ blue clay. 
„ 15 „ laterite gravel, very hard. 
„ 3 „ decayed granite. 

The above trial proves beyond doubt its practical value. 

This excavator will, if tried in the N. W. Provinces, probably pro?e s 
formidable rival of the sand pump, and other excavajtors now in use. 

Its chief merits appear to the writer to be its great strength and sim- 
plicity, which make it almost impossible to break or put out of order. 

The simple manner in which it is used makes it peculiarly suited to the 
capacity of ordinary native workmen. 

E. W. S. 
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No. LVI. 



EARTH CURRENTS AND AURORA BOREALES. 



By J. J. Fahib, Esq., Jask Station, Indo-European Telegraph 
Department. 



On the night of the* 4th-5th February last, I had the good fortune to 
witness a grand magneto-electric disturbance on four of the sections of the 
Persian Gulf telegraphs. It was accompanied by an Aurora Borealis, 
which must have been one of unusual splendour. I can hardly conceive that 
the luminous phenomenon which I witnessed was the actual Aurora, for, 
as these meteors have their sphere in the region of the clouds, they can- 
not be more than three or four miles high at the pole, and, therefore, it is 
quite impossible that I could have seen anything but a reflection at this 
low latitude (25£° north.) 

As seen from Jask station, it took the shape, roughly, of an elongated 
ellipsoid, of a reddish-pink color, resting on the northern horizon, with 
its smaller end stretched out towards the east. It continually varied as 
regards color, now brighter, now dull ; but its position did not alter from 
its first appearance at 11 p. m. to 1-30 a. m. (Eurrachee time*) when I 
last saw it. The Auroras, as usual, was preceded by a faint*whitish glow 
in the west, which was noticed about an hour after 6unset, and which, 
as the evening advanced, became more distinct, assuming, roughly, a 
pyramidal shape, with its base on the horizon. There was no moon, and 
the atmosphere was particularly clear, with a moderate breeze from the 
north. 

The telegraph may be said to stand in the same relation to this class 
of phenomena, as the barometer does to atmospheric changes. A certain 

* The time followed in this paper is Kurrachee time, which is about 4* minutes in advance of 
the true local time. 
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behaviour on the part of the former as surely indicates the prevalence 
of a " magnetic storm, " as doe s that of the barometer the approach of 
an atmospheric one. To me the irregular and spontaneous working of 
the telegraph was, (if I may so speak) the harbinger of the Aurora, for 
hours before its reflection was risible, the wires told very plainly of its 
existence. 

At 6-55 f. x. a permanent positive current was observed on the 
Jask-Gwadur cable. This was at first set down to some irregularity 
in the instrument at the distant station ; but such was soon ascertained 
not to be the case. Presently a similar current but weaker was perceived 
on the land-line between the same stations, while at almost the same 
moment permanent negative currents took possession of the Jask-Bushire 
and Jask-Fao cables. It was now evident that " earth currents " were 
about, and in very strong force too, as appeared from the deflections of 
the galvanometer needles which form part of the working apparatus. 
After a few minutes the direction of the currents charged, the cable and 
land-line between Jask and Gwadur became charged with negative elec- 
tricity, and the Jask-Bushire and Jask-Fao sections with positive. Thus 
throughout the evening, and at intervals of 2 to 5 and 10 minutes, the 
currents were constantly varying in direction and force. Soon after their 
appearance it was found very difficult to correspond with any of the 
distant stations ; and from 8 p.m. to midnight, communication was entirely 
suspended except for a brief space at those particular times when the 
existing current was dying out, to give place to the succeeding one, which 
rapidly approached its maximum strength and in its turn receded. 

Shortly after midnight, the earth currents entirely forsook the land-line, 
or at all events became so feeble, as not to be perceived on the ordinary 
instruments. They disappeared from the cable circuits about the same 
time, but at 12-30 on the morning of the 5th, they again set in on the 
Jask-Gwadur cable, and continued at long intervals (during which com- 
munication was satisfactory) up to 8 a.m. ; when they finally vanished, 
ending with a negative current which had uninterrupted possession of the 
line from 7-30 to 7-50 a.m. The Jask-Bushire and Jask-Fao lines 
were free from midnight to 2 a.m. ; at which time strong negative currents 
set in for about one hour. From 3 a.m., no further disturbance was re- 
ported on the Jask-Fao cable ; but the Jask-Bushire line was again, and 
for the last time, visited by negative currents which remained off and on 
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from 6 to 8 a.m. The regular weekly tests of the cables taken late on the 
forenoon of the 5th, showed that even then the earth currents although 
too feeble to interfere with the working, had not entirely vanished. 

It was observable between 7 p.m. and midnight, that the land line and 
cable to the eastward of us were always charged with the same kind of 
electricity, while the Jask-Bnshire and Jask-Fao lines were as invariaby 
charged with the opposite kind; it was also noticed that the current, 
were reversed in all the circuits at the same time, the* one pair changing 
from positive to negative, at the same time that the other pair changed 
from negative to positive, and vice versa. Those on the Jask-Fao sec- 
tion, which is the longest of the cables, 655 knots, at one time arrived at 
such a high tension, that whenever the connection between the line and 
earth was interrupted, a strong spark was emitted.* 

Some experiments were made to determine the quantitative strength 
or intensity of the currents. The highest intensity measured was that 
on the Jask-Bnshire line, where it was equal to that of 57 Minotti cells. 
At one period of the evening, it must have far exceeded«this number on 
the Jask-Fao cable, for I was unable to obtain from the largest battery 
power available, (80 Minotti cells,) and through the same resistance as 
the cable, as strong a spark as that noted above: — 

The following are a few of the observations taken at intervals daring 
the evening : — 

Jask-Fao and Jask-Bushire Sections. 



Time. 


Resistance in 
circuit. 


Earth current 
deflection. 


Name of cur- 
rent. 


Calculated strength of Earth 
current. 


8-60 P.N. 


5,198 units. 


59° 


+ 


89 Minotti cells. 


9-20 „ 


14,198 „ 


33° 


+ 


41 


10 „ 


18,508 „ 


45° 


+ 


07 „ ,» 


11-10 „ 


4,830 „ 


160° 


+ 


25 „ „ 


11-15 „ 


»> •» 


85° 


+ 


H 


11-20 „ 


n i* 


8° 


- 


1*83 „ n 



The first three deflections were observed on a tangent galvanometer, the 
remainder with Sir. W. Thomson's delicate mirror instrument. 
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When describing the auroral reflection, I Stated that it was constantly 
varying in depth of color. Now this might be caused by clouds passing 
before the aurora, or by some other changes in the reflecting medium. 

I will nevertheless hazard a conjecture that these variations corresponded 
with the different phases of the aurora itself, and also that they coincided 
with the alternations of the earth currents. In conclusion of this part 
of my subject, I have only to add that the Jask-Gwadur cable and land- 
line lie nearly east and west, and the Jask-Bushire and Jask-Fao lines 
north-west. 

All electrical disturbances, such as I have now described, or such as 
are produced by thunder-storms, by polarisation of the earth plates to 
which the ends of a line are connected, by differences in the state of toe 
weather and atmosphere or inequalities in the altitude at distant points 
of a line, &c, are technically called "Earth currents." From one cause 
or another these currents are always present in telegraph wires, particular- 
ly submarine cables. Happily, however, they are not often possessed of 
sufficient strengah to interrupt communication,* and generally they are 
so feeble as only to be measured by the aid of testing instruments. la 
England it has been found that lines which pursue a N.E, and S.W, 
course are most subject to disturbance, while on the continent those lying 
E. and W. are generally more affected. Again it has been remarked in 
England that lines N. W, and S. E, are seldom disturbed, and then only 
to a slight extent, while my experience shows me that, as regards the 
degree of disturbance at all events, this rule does not hold good for the 
Persian Gulf. But the fact is Philosophers have not yet been able to trace 
any laws concerning either their direction or strength. Sometimes they 
are most powerful N. aud S., and at other times E. and W., at one time 
they flow steadily in one direction for long periods, at another they 
change about in a most capricious manner from positive to negative in 
quick succession. 

When they are accompanied by an Aurora borealis, and by certain 
abnormal perturbations, of the magnetic needle, they constitute, together 
with these two phenomena, what Humboldt has been the first to describe 

II as a Magnetic storm." 

During the last four years there were probably not more than half a doien instances of tht 
cables in the Persian Gulf being seriously and for any considerable time disturbed by earth currents. 
I myself can only recollect four cases, in one of which ( 18-14 May 1869) the currents changed on tbt 
Jask-Qwadur section from 19 Daniell cells positive 10 14*6 negative in about 10 minute*, and on tke 
Jask-Bushire from 21 negative to 5 positive within the same time. 
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Many people regard the Aurora and earth currents in the light of cause 
and effect ; but this is altogether a fallacy, for, to whatever influence they 
must be attributed, it is certain they are both the products of one and the 
same agency. Whether this be a purely electrical one, as suggested by 
De la Rive, or magneto-electric as advanced by Humbolt, is as yet undecid- 
ed, although the balance of belief inclines greatly to the latter hypothesis. 

De la Rive considers the Aurora as due to the discharges which take 
place in polar regions between the positive electricity of the upper at- 
mosphere and the negative electricity of the earth and the stratum of air 
in connection with it ; the earth cunents being caused by differences in the 
electrical state of the earth consequent on these discharges. If this be a 
correct explanation the Aurora can hardly be said to be a distinct pheno- 
menon from lighting. It seems to me that being identical in the manner 
of their formation, &c, the one should be as universal as the other. 

Late experiments however have failed to sustain the electrical theory, 
inasmuch as during the finest Auroras the most sensitive electroscopes 
have not been affected, while the magnetic needle has always undergone 
very sensible, and at times, considerable, variations. 

It is now generally admitted that all these abnormal variations of the 
needle and, indirectly, Aurora) and earth currents are the effects of a dis- 
turbance of terrestrial magnetism, a disturbance which is connected in 
some as yet unexplained way with the sun's spots. Humboldt's theory is 
that the disturbance of the earth's magnetism (begot by the solar agency) 
induces a like disturbance of the electrical equilibrium, and that it is the 
electricities of the earth and of the atmosphere so disturbed, which, in 
their efforts to re-establish a balance, produce earth currents on the one 
hand and Aurora on the other. 

In what manner the number and magnitude of the spots on the sun 
operate in producing magnetic storms has not been clearly proved : up 
to the present philosophers have only succeeded in establishing the fact 
that these spots* and the magnetic and electric perturbations of our earth 
increase side by side by annual increments and attain their maxima at the 
same time every ten years or thereabouts. This remarkable coincidence 
indicates that if the sun or his spots be not the first and great cause of 
magnetic storms there is at all events reason to suspect a close connection 
between them. 

If we accept this theory I think it is easy to explain why Auroras al- 
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ways appear at the magnetic poles : thus we know the intensity of the 
earth's magnetism is there greatest : at these points therefore the solar 
influence exerts itself in greatest force and produces the greatest amount 
of magnetic disturbance. This in its turn induces the greatest electrical 
disturbance at and around the poles and thus gives rise to those magni- 
ficent displays. 

The question of earth currents as forming part of the important 
subject of magnetic storms has for many years past engaged a great 
share of attention at most ( if not all ) of the observatories in Europe. 
Special wires hare been erected for the Greenwich observatory with 
sensitive galvanometers in circuit, the variations of whose magnetic nee- 
dles are daily recorded in all their minutiae by the aid of photography. I 
am not aware whether the Colaba Institution is similarly provided. If 
not, no time should be lost in properly representing the matter to Govern- 
ment. Valuable opportunities are every day wasted : for if it be true 
that temperature by expanding the atmosphere has something to do in 
disturbing the earth's electrical equilibrium, in other words, in producing 
earth currents, it is obviously in sach situations as Bombay, Calcutta, 
and Madras, that this conjecture can be best subjected to direct test At 
all events much information would be acquired, which in time would pro- 
bably tend to the elucidation of the true cause of these phenomena and 
of the laws that govern them. 
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No. LVIL 

[Vide Plates Noa. LI. and LU.J 



USEFUL RULES AND TABLES FOR TIMBERING Otf 

FLAT ROOFS. 



By Major W. fl. MackbsY, B.S.C., F.G.S., Assoc. tnst. C.E., 
Executive Engineer. 



I had at first intended bringing out a set of tables for the scantlings of 
beams, rafters, &c, of various kinds of timber under such loads as occur in 
Indian practice, but as I found that the work would have taken up 
more time than I could spare for the purpose the intention was given 
up. The following rules and tables will be found of great use in calculat- 
ing the scantlings of beams, as in every case the paper work is reduced 
to simple multiplication and division. I have used the tables myself for 
a considerable time, and the constants for deflection and strength for many 
years. There are possibly errors in the tables, although every precaution 
for securing accuracy has been adopted, and if any such are noticed, I 
shall be glad if they are pointed out. The constants have been calculated 
for sal, teak, deodar and fir, a few blank lines are left in each table which 
will allow of constants for other timbers being inserted in manuscript if 
desired. The value of Ed I have taken for deodar is 2,500; that adopted 
in the Roorkee Treatise is 8,565. This is I am convinced much too large a 
Experiments carried on at Murree* (in I think 1856), gave E d from 
2,200 to 8,200 ; observations of existing flat roofs seems to show that 
2,500 is about a suitable value to adopt. Rankine gives E t for cedar of 
Lebanon (supposed to be the same tree as the deodar) at 486,000, which 
reduced to the Roorkee Ed = 1,125. 

* Report on flexion end fracture of deodar end fir- woods, Boberteon end Hendereom. 
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All experiments to determine E d , have been (at least in the case of In- 
dian woods), carried out with small pieces ; and it is very desirable that its. 
value should be determined from experiments on timbers of large size. This 
might be done without expense by observation of the actual deflection of 
the timbers of flat roofs. It would be a simple matter to score a straight 
line at each side of one or more beams of each roof before erection, mark- 
ing with a small nail or screw or otherwise the point over the centre of 
each wall plate, and the centre of the beam. The deflection could then 
be measured with sufficient accuracy after erection, by stretching a fine 
line over the extreme screws. It is also a question whether a greater 
deflection than one-fortieth of an inch per foot of span might not be 
allowed for flat roofs. This in the case of a 24 feet span roof would be 
^ of an inch, an almost imperceptible amount. Observations on the 
actual deflections of the timbers of existing flat roofs which are in a satis- 
factory condition would be valuable. The question is important in an 
economical point of view. 



Bulbs and Tables. 



From the well known equations for the strength and central deflection 
of horizontal rectangular wooden beams supported at each end, and uni- 
formly loaded, viz. : — 



2 ~ "82 • M*V ' W 



82 ' fePE, 
W==i^, (2> 



where 

2 = central deflection in inches. 
W = uniformly distributed load in pounds. 
l,b,d=z length between supports, breadth and depth all in inches. 

Ei ss co-efficient of elasticity = iZ?|^, (Ed, being the oo-efficient 

used in the Roorkee Treatise). 
/= the co-efficient of transverse strength = 18 p (p being the 

co-efficient used in the Roorkee Treatise). 
8 = the factor of safety (taken = 10). 
we readily obtain by putting. 

2 = -jgjp w =: load in pounds per running foot of span, L zz length 
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in feet, r = ratio of depth to breadth = d -f- b\ Cb Cd Cb c* constants 
given in the following tables : — 

boxdz=z (Ck, or C d ) X 4/"jn? W from (1). 

box d=r(cborc d ) x k/HoU (4) from (2), 

In (8) (C b or C d ) = (^Jor *jT ) * ^?«d 

in (4) (cb or c d ) = ( ^-1 or ^~) x •/ £ 

Thus both the deflection and strength formulas are each broken up into 
three factors. 

C or c, depending on the kind of timber, and the ratio of depth to 
breadth selected in any particular case. 

sj L 3 or s/ L* , depending on the span. 
4^ — or ., — „ „ load per running foot of the beam. 

Values of these factors for each formula will be found in the following 
Tables for the loads, spans, and ratios of depth to breadth of ordinary 
occurrence. 

If it is desired to limit the central deflection of a proposed beam to ^th 
inch per foot of span 

(b or d) = (G, or Ca) x ^T» -r- t^= from (3). 

and if the beam is to be strong enough to be at the point of fracture un- 
der 10 times the proposed load 

(b or d) = (cb or c d ) X f/ T? -f- ; — from (4). 

In permanent structures it is usual and desirable to fix the scantlings 
of the beams and rafters with reference both to stiffness and strength, 
making use of both formulas, and adopting the larger result. The following 
diagram shows at a glance whether in any particular case the deflection 
or strength formula would give the larger scantling, thus saving the de- 
signer the trouble of making the double calculation. The diagram exhibits 
-the span for each unit loai at which either formula gives the same scant- 
ling, and for a greater span the deflection formula gives the larger scant- 
ling. 

The following formula has been used in constructing the diagrams. 

VOL. L— SECOND SERIES. S T 
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Since the required spun for any unit load is that for which d from (S) =2 
d from (4) ; we hare — 



! 4, — _ /25 _ a, r. __ a, — ^ . / 10 



Whence L = ^ x ^ (*> 

In the case of a cylindrical beam r = ^ =: 1-698. The value of y 
is to be calculated for the kind of timber required, then find the valaeof 
•jgr for each value of r in ordinary use, putting w = 1,000 ; and last- 
ly set off the several values of L at 1,000 lbs. on the diagram, drawing 
straight lines to 9)8. The ordinate at each intermediate load will give 
the required span for that load. 

A series of examples of the use of the diagram and tables will be found 



<l in note A, 



The formulae (3) and (4) are made applicable to the case of angle beams 
or other beams similarly loaded, by taking vo = the average load per 
running foot on the beam, and proceeding as if to thus found were a uniform 
unit load. (A proof will be found in Note B; the rule is strictly speaking 
approximate, but is near enough to the truth for all practical purposes). 

In designing a flat roof, the spacing of the main beams is often fixed 
by the position of the openings, size of the available timber, &c. ; when this 
is not the case, it is worth while to adopt the spacing which involves the 
least possible expenditure of timber. This point is investigated in Note 
C, with the following results. 

When the roof covering is to be carried by rafters or bullies of certtin 
fixed dimensions, it is self-evident that the most economical arrangement 
is to space the beams at the distance which the rafters can safely span, 
which call S. If the beams are to be placed nearer together than this 
distance, the waste of timber may be found as follows : — 
put A c= content of one beam per running foot of a roof for spacing 8. 
" = » » » » » 8 t . 

then B = A /-|- (6). 

Example —A flat roof is to be carried by bullies which may have a 
bearing up to 10 feet, and it is proposed to place the main beams 5 feet 
apart, what waste will be caused by this arrangement? 
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Pat A s unity, B = / ™- = 1-414, 

or 41 per cent, more timber will be used in the main beams if spaced at 
5 feet, than if a 10 foot spacing were adopted. 

When as is usually the case in permanent buildings, the exact scantling 
of the rafters is not fixed beforehand. 
Calling the most economical spacing, 8 in feet 

„ the span or bearing of the main beams, L „ 

„ the ratio of depth to breadth fixed for the rafters r 

„ |, n main beams R, 

we have 8 = -577 L* x (£)** (7) A. 

derived from the deflection formula. • 

If the cost per cubic foot of the beams is Y rupees, 

n ii ii ii rafter „ v „ 

The most economical spacing as regards cost is 

8 = -577 L* x (-£)* x (-£)*• (7) B. 

Table showing the most economical spacing for the main beams of flat 
roofs (or bearing of the burgahs) for all kinds of timber (no minimum sec- 
tion being fixed for the burgahs). 

From formula (7) A. 







Span in feet. 


Valiiefi of R •«** «• 








15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


B 22 T f • • • • 


• • 


4-40 


4-62 


4-83 


6-04 


524 


5*46 


6 66 


5-87 


6*05 


6-25 


644 


R = J.r = *. 


.. 


8-96 


417 


485 


4-55 


4-74 


4-93 


511 


6 27 


6-47 


5*63 


5-82 


R = f,r = fc 


.. 


869 


3-88 


405 


4-23 


4-41 


4-57 


4-76 


493 


610 


525 


542 


R=f,r = |, 


• • • • 


4-08 


4-30 


4-48 


4-68 


4-87 


607 


626 


6-45 


663 


6-83 


5-99 



It will be observed that the above spacings are independent of the unit 
load on the beams. 

A certain minimum section of rafter is however always adopted in 
practice, usually 3* X 3* in ordinary flat roofs. The maximum bearing 
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foot. 


Teak, 


• • 


• • 


4-62 


641,.. 


• • 


• • 


5-04 


Fir, .. 


• • 


• • 


4*70 


Deodar, 


• • 


• • 


4-02 
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which should be given to such rafters spaced 1 foot from centre to centre 
under a permanent load of 125 pounds per superficial foot is as follows :- 

feet span. 

! 18*30 } 
20*28 ( 0*™*^ ***** 
> spans fonnult 
18-60 [ (7 ) ap pli«> 
15-20 ) 

The value of R for the beam being taken at 3 -~ 2. 
Formulas Nos. (10) and (11) for ascertaining the waste of timber cauaed 
by any departure from the above rule, will be found at the end of note C, 
they are however rather complicated, and are omitted here. 

In roofs of small span such as verandahs, it is sometimes a question 
whether the timbering should be of rafters alone, stretching from wall to 
wall, or of rafters carried on beams. An investigation of the point will 
be found in note D, formula Nos. (12) and (13). The following results 
are obtained therefrom. If the large rafters and beams have the depth = 
once and a half the breadth, and if the small rafters are square, with s 
fixed scantling of 3* X 3*. 

For sal timber, beams and rafters are more economical beyond a 9' MP 
span* 
For deodar, „ „ „ ?' 7 
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DIAGRAMS. 

Showing »P»» tor each unit load at which deflection and itrength formula gire 
the Mine acaatiiog («e« text). 

Tea. ** = <W _ , 2 « 84, W _ <**»>' _ .«, 

•HMKIOOO^,. 1M :a o4xl000 = > . 1M 




500 



^(4000)^ 
" ' p« (600)* J 

494 x 1000 =m5 



600 700 800 900 

•25 x 1000 _ 







-uanla* 
foot of 



$00 



400 500 600 700 <S00 
DlBBOTIOIfB FOR USB. 



900 1000 



If the intersection of the load and span lines falls below the diagonal correspond- 
ing to r, nse the strength formulas : if abore, use the deflection formulas. Halre unit 
loads greater than 1000 lbs., and double the span cut by r. 

The diagrams are constructed only for a deflection of ^-inch per foot of span, 
and factor of safety 10, and cannot be used for other {actors or deflections. 
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USE OF THE TABLES AND DIAGRAMS. 
Note A. 

Example 1. — A sal beam is to carry a uniformly distributed load of 
700 lbs. per running foot, span to be 21 feet, b to d as 1 to y/H = (as 
nearly as possible as 5 is to 7). 

First, on referring to the "sal" diagram, the \ diagonal cuts the 700 
lbs. load line at 8£ feet, and therefore the (deflection) formula gives the 

larger scantling, — then 

. "29 x 961 t . Q , , 5x148 1A . 

a = ttti — = 14*8 and b = — = — = 10o 

•19* 7 

these results may be obtained at sight by the common slide rule, thus 

A 981 depth = 14-8 breadth as 105 

B 19* 290 '201 

the use of the slide rule is strongly recommended with these tables as 
giving a sufficiently accurate result without the trouble of paper cal- 
culations. 

A deodar beam 15 feet span under a central load of 4,500 lbs. d -f- b 

= 2. The diagram is of no use in this case, w = — ^ — r^- = 480 lbs. for 

2 X 4500 
use in the deflection formula, and to = ■ — = 600 lbs. for use in the 

strength formula. 

Then for stiffness 



{; 



and for strength 



d=; -376 X 7-625 = 18 . 4and6= ^ 
d = i!L^ = i8-9 8nd6= 6-95, 



To prove the correctness of the above results, 

» = 6-7 x^y xU = ' 37 « = 'PP-i^y if = 875 

and W = ^5? =4500 

-lunula — <500 x 15 13500 _ 1ft ,. 

whence 8 = 6 . 95 x (t3 . 9) , x m = -^ = 1004. 

A fir kurrie 12 feet long, loaded with 150 lbs. per foot, is to have 
a central deflection of ^ inch per foot of span, required the scantling. 
w = 30_x_150 =112ft8 . (r=|)( j = : ™*™ =4 .fi5,« d < i=6-5. 
Proof of the above :— 
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»" * • -4^6^000 - »«*'«*> 



12 

the required deflection being -— • =s «4. 

A deodar bailie for a mud roof of 10 feet span is loaded with 100 Ik 
per running foot, required its girth, factor of safetj being fixed at 7£. 
100 x 7-5 



10 



= 75 



•808 X 4-642 , * . , 

9 ^ 337 = 16 mcnes - 

The same, factor of safetj being 10, 

•808 x 4-642 -- K . , 
* = ^16 = 17 ' 5 mcnes- 

The same, deflection not to exceed ^th per foot, 

1135 x 5-623 oa o • u 

g = ^ =s 20-3 inches. 

Note. — Bullies usually taper, but if placed head and butt, the strength 
of each pair will be greater than if perfect cylinders of girth equal to the 
central girth of the bnllies were placed side by side. 

For if d be the diameter of each bullie at the centre, and d x be the differ- 
ence between the diameters of the ends, then at any point distant x from 

the centre, the diameter = d ± ~ = — ^ '* , and the sum of the 
moments of rupture of the pair of bullies at any point x varies as 2<P + 
— — -.^ — , but the sum of the moments of rupture of the pair of cylin- 
ders at any point varies as 2<f , and hence the strength of the pair of 
bullies is always the greater. It is also manifest that the stiffness of the 
pair of bullies will be greater. 

In flat mud roofs or whenever bullies are used as rafters, the bullies 
should therefore always be placed head and but. 

An angle beam for a 12 foot verandah carries a flat roof 120 lbs. 
weight per superficial foot, on burgahs, to be of sal, r = - (the verandahs 
meet at right angles). The load from the central pair of burgahs evi- 
dently equals 6 x 120 z= 720 lbs., and the space between the burgahs 
from centre to centre along the beam = 1*42 feet, hence the average load 

per running foot of angle beam = j^j = 510 lbs., and the bearing of 
the beam = 17 feet. Reference to the diagram shows that the " deflec- 
tion " formula should be used, 

/. d = m ^' m = 11-7, and b s 9/85. 
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Note B. 

Let AB be an angle beam, DC the central jack rafter, the load from 

which on the beam = w l let n = the 
number of jack rafters, then the total load 
on the beam = nw l =s W, and the aver- 
age load per running foot of beam = 

w 

— s w. It is clear that the load on 

AB and the manner of its distribution 
may be represented by the right-angled triangle abe, area = u?L, ab = 
e AB = L, be = 2w. Since be is vertical, 
the vertical line through the centre of 
gravity of the whole load cuts ab at a point 

distant -^-from 6, and hence the re-action at 





2wL 

3 • 



*D It 

— — and re-action at b = R f 
The bending moment M at any 



point m, distant x from a taken as the origin 
to find the value of 2 which makes u a maximum 



8B 



... *=JL = .577L 



makes the bending moment a maximum, and the value of the maximum 
bending moment =s 



M =^- = 



2wL* wL« x 1-0264 



34 - 8 

The maximum bending moment of a horizontal beam under a uniform 
load per unit = w is known to be -y , and therefore an angle beam may 
be treated as an uniformly loaded beam under its average unit load with- 
out sensible error in ordinary cases. 

Again taking a as the origin of co-ordinates, and ab as the axis of x } it 
is known that 

EI a? = 11 — a r — 5E ^ ^ *'• 

Integrating twice, 
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C f = 0, for when z zz 0, y = 0, 
again when x zz L, y = 

,.o-jf- ^ + c,,.o, = ^ 

•••■>=* (»-"+**) «. 

which is the equation to the deflection curve. To find the value of t 
which makes y a maximum 

u "~ 20 6 + 60 

= L x -519328 
putting A — Vi - 7^, * =s A L 
substituting in (A) 

T?T., *> /A»L» A*L» , 7AL*\ T4 2 347 

_ wl/ 12 x 2-347981 _ ipL 4 5-Q09 

y "" EW X 180 "" EW X 32 '9> 

The maximum deflection of a similar beam under a uniform unit load 

= w is known to be = £jj • ^ 

which differs but slightly from (9). 



Note C. 
From the formula for deflection, we have— 



»-«/£- x«ygxy«, 



/ 1 



.*• content of a beam in terms of its length and load 

-^ («*•-(£)') » 
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If 8 = the space between two adjoining beams, or the unsupported 
length of a burgah, and if the bnrgahs be uniformly loaded with w pounds 
per running foot, the distance from centre to centre of each burgah being 
one foot, the foot load on each beam from a pair of bnrgahs, one at each 
side = 10, rz w 8. 

If first the timber in the bnrgahs be not taken into consideration. 

. __ f Content of a beam per running \ __ rS* n>% li r ,~. 

"-* \ foot of roof for spacing = S / "~ g x r 4 * '* 

B = „ „ _ S, a — — 

S, X r* 

A : B : : V ST : V ST and B = A JJ. (6). 

Second, taking the bnrgahs into consideration, — as before, unit load on 

each burgah = to, and from (B) we have content of one burgah = 



<w*S* 



r* 

and as the number of burgahs in each bay = L, if we assume the length 
of the roof to be infinite, we have contents per running foot of roof, 

For the burgahs = =i^ = ^- S* = AS* 
r f S r* 

For the content of a beam per running foot of roof, we have, since the 

unit load on a beam = wS, and writing K for —, 

R*S " Rls* " 
and therefore the total quantity of timber per running foot 

= AS* +BS-* =u 
gives a minimum value to u. 

VOL. I.— SECOND SBBIES. 8 U 
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8= L* x -577 x (£)*• (7) A. 

A certain spacing having been assumed to ascertain the saving or excess 
caused by any deviation therefrom, call the content per running foot of roof 
corresponding to spacings S and 8„ respectively A and B, then we have— 

"^ b + ^»~ S -"sT-C* + lt)- A 

if R == r, this becomes 

1=^(1-)* (11). 

say for a 20 foot span, S = 5, and S, = 7. 

~ = 2!+^ + * 85 — 118 > or a wa8te to *• amoant of 1S P 6 * oeIlt - 
would be caused by spacing the beams at 7 instead of 5 feet. 
If S t be made 10 

T 8 * 25 + 8? X * 71 = * * 17 ' *• wa8te b **** CMe WOnld ta 17 
per cent. 



Notb D. 

To find the span beyond which beams and burgahs should be used 
instead of kurries. The limitation caused by the desirability of using a 
minimum section of burgah must be taken into account, call this minimum 
section A, and spacing at whioh this section is stiff enough for the pro- 
posed load S. 

• If the rate per cable foot of the timber for the beams U greater than that for the bargain. 
Call the rate per foot for the beams V, and the rata per foot for the burgahs •, then the formula 
for the most economical spacing as regards cost it 

rL x 4/ Y K /V" — -(!>■■ 

Thai If the timber be sal, rate lor large eoantllngs Ba. 4, and for small R*. S. 

ss / $ = MM, and for a 24 foot span (E s r) the most economical spacing would bs 



B s 'W7J 



«'» x MM s 7*tt feet. 



Digitized by VjOOQ IC 



TIMBERING OF FLAT ROOFS. 571 

Then we hare, x being the required span, 

ASrc as content of the burgahs for one bay, 

e nr S* <r* _ i**.™* 

• ; — » >» oeam „ „ 

«* 8 * 8 = „ „ knrries with which the above might 
be replaced (spaced 1 foot from centre to centre. 

• • AS * + ~&— ~ "X" 

whence* = » /I Pfr A'SBtj ~ (12) A. 

V 25w.(SR + r — 2^/sRr) 

orifR = r*= »/ EdA»8R ~ (13) A. 

If the cost per cubic foot of the timber in the beams = V, 
and „ ,, „ „ „ knrries and bur gahs = v f 

these formula, become x = *J - - ^ *£*?„, VsRr) •-(«) * 

/ e^a-sk — (18) B 

y 25w>(« , S+V»-2VWS) V ' 

Note E. ' 

There is another method of calculating scantlings for permanent struc- 
tures, (brought to notice for the first time in Professional Papers No. 1 
[Second Series] for July 1871), that is to substitute the strength formula 
(bord) 

= ('7? "!/')*'/* *■,/"" 

such a value of 8 (the factor of safety) that the deflection under the 
proposed load may not exceed ^th inch per foot of span. Equating the 
depths obtained under similar conditions of load and span from formula 
(3) and (4) the following result is obtained, 

(rw X -g-)* x L* = (rsv> x -^-)* X L* whence 

.-f-J)*x*x(i)* (U). 



orifR = r 
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This is the same result as that arrived at in equation (Hi), page 217 1st 
Volume of the Hoorkee Treatise on Civil Engineering (2nd Edition) ; (if 
8 be written for n, and w for sw this will be evident). 

The strength formula as written above, is not in a convenient form for 
practical use with varying values of 8; and must be changed into the 
form of formula (ii), bd* = wL*. -^-. The equation for s may be broken 
up into four factors. 

(a). (-]?—)* X 2p depending on the kind of wood. 

(&)• \f~ll depending on the span. 

(c). */ ~w „ „ load per running foot of the beam. 

(d). */~ „ „ relation of breadth to depth fixed upon. 

Values of these for several kinds of wood, and for the loads and spans 
in ordinary use are tabulated below 

Tabular numbers for wood selected. 



Wood. 



641. 



Teak. 



Deodar.* 



Fir. 



(a) values of (-gr-) X 2p = 



33*663 



37313 



31*623 A 
27-581 B 



26-742 



Tabular number for span. 



1-1 _< ^4 _| ^ ^ ^ w ,1, ^ ^ ^ ^ ^ ^ ^ ^ ^ CK| ^ £, ^ ^ £- £ 



I* = ^ & W "* *0 (D »> CO d © ^ 051 CO -* ua <o fc* oo ca © w* Ol CO <*4 to 



Tabular number for load. 



w= 8S888S888888888HSF8888 



Tabular number fo r the ratio of depth to breadth selected. 

TV* 




1149 



1159 



1170 M87 



• B d taken at «,W0 for A, and 8, 000 for B. 
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To take one or two examples. 

A deodar beam 16 feet span is loaded with 800 lbs. per running foot, 
scantling required, the depth being made twice the breadth. 

__ 31-623 x 2 _ . 

8 ~~ 5 318 X 1*187 = 6 32 "~ 
(reference to diagram Plate LI.,) will 6how that this value of s is correct) 

Then bcP = 8Q0 x * 5 Jj * 10 = 2048 = W whence b = 8 inches, and 

1000 

d = 1 6 inches. The same result could have been more simply obtained 

•376 v 8 
direct from the deflection formula thus, d = - ■ =16 inches. 

A kurrie (sal) 12 feet bearing is loaded with 150 lbs. per running foot, 
scantling required, depth being § times the breadth. 
__ 33-663 x 1-8 61 _ -g- 
8 ~" 35 x 1*109 = 3-89 "~ 

tt en^ = if = 1 i^|x i 6 i = 198< 

whence b = 4-447 and d = 6*671. 

Reference to the diagram shows that the scantling of the kurrie should 
be found by the " deflection " formula 

whence b =: — ^^ — = 4-45, 

and d = 667. 

The latter method of finding the scantling is far simpler and easier 
than the former, although as far as regards the result, it is indifferent 
which of them is adopted. 

The writer is aware that there are theoretical objections to the method 
of calculating the scantlings of beams by the "strength formula 1 ' with 
a variable factor of safety as described in this note. Still although theo- 
retically defective, the method has its advantages, and is extensively used 
by many officers, 8 being usually assumed at a probable value, and not cal- 
culated by formula (14). A diagram (Plate LII.^ is appended, by which 
s can be found at sight, with quite sufficient accuracy, for deodar and fir, 
and with the aid of multipliers, for sal and teak. It is scarcely necessary 
to observe that for permanent structures * should never be assumed less 
than 10. 

W. H. M. 
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No LVIII. 



WIRE-ROPE-WAY FOR MOUNTAIN TRAFFIC. 



* Suggestions for an economical plan for carriage of goods from He 
Plains to Hill Stations" 



In an article in the July number of the " Papers/' entitled the " Mountain 
Tramway," it is proposed to utilize the power existing in the downward 
rnsh of hill streams for propelling traffic upwards on an Inclined Tram- 
way. 

The idea is certainly an ingenious one, but there are many reasons 
opposed to its being carried into practice. 

For working up goods from the foot of the hills to the Hill Stations, 
the plan described below appears to me a much simpler and more practical 
one, the motive power being always ready to one hands, and in unfailing 
quantities. The principal feature in this plan is the utilization of the 
stored up power existing in the material composing the hill tops, which 
might be used in conjunction with a Wire-rope-way, suspended between 
prominent points from the hill tops to the plains. 

Take for example Mussoorie, which is the only hill station of which 
I hare had any experience. The most convenient sites for the end stations 
having been fixed, prominent points 1,500 to 2,500 feet apart should be 
chosen, on the shortest available route, which I estimate, would be about 
four miles. About nine intermediate stations would therefore be re- 
quired ; at each station there should be a wheel firmly fixed in a vertical 
axis, about 4 feet diameter with a deep groove on the outside. At each 
intermediate station there should be two such wheels. From station to sta- 
tion, there should be working round the wheels an endless wire rope, of the 
strongest construction and able to bear about 6 maunds within a margin 
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of safety. The action of the rope and wheels from station to station 
should be quite independent each of the other, by which the possibility 
of accidents would not only be lessened, but the damage done, if one were 
to happen, would be localised, and therefore reduced to a minimum. The 
goods should be carried in large boxes or crates suspended from the end- 
less ropes. 

We will suppose that the way, boxes, &c, are all ready, with a box at 
each station loaded up with stones or gravel, and that it has been found 
by experiment what weight of goods in a box at the lower wheel, a box 
loaded with a fixed quantity of stones at the upper wheel, between any two 
stations, is able to pull up. The goods being loaded at the lower station, 
the man then loosens the rope, and away they go to the second station, 
when it is unhooked and fastened on to the second rope, and so on up to 
the top. 

There should be a brake worked by a " governor" on each upper wheel, 
to regulate the speed. This and other details for return goods require 
working out of course, but the above is a simple sketch of the proposed 
plan, which with modifications might be suited to other localities besides 
the one alluded to. 

The cost of a line of wire-way with all the necessary apparatus simi- 
lar to that above described, from Raj poor to Mussoorie, would be, from a 
rough estimation I have made, about Rs. 12,250. 

The cost of working it would be Rs. 21 per day, allowing for superin- 
tendence at the rate of Rs. 300 per month. 

The present charge for goods from Rajpoor to Mussoorie is 7 annas per 
maund, which rate I would lower to 4 annas per maund : allowing for 200 
maunds per day for six months in the year only, the yearly income at 
this rate will be, (after deducting working expenses) Rs. 5,220, without 
taking any credit for return goods. This would be between 40 and 50 
per cent., taking what it must be allowed is a very moderate view of the 
possible earnings. A single way as above, would be capable of carrying 
360 maunds daily, and the working expenses would not be appreciably 
increased ; in full work it would therefore pay cent, per cent. 

In the transport of commissariat stores to the hill stations, a great sav- 
ing might be caused by the adoption of the above plan, or a modification 
of it. The idea of a wire* way is not original, and suggested the above 
plan to me. 

W. B. 
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No. LIX. 
EARTHWORK ESTIMATES. 

[Vide Plate No. LUXJ 



By Captain A. M. Brandreth, R.E. 



The following plan may be useful. The given quantities of asectka 
of channel are as below. Opposite are put the letters taken to represent 
them in the general case, and figures in the example given. 

Bottom width, B 50 

Road width right in excavation, .... B t 20 

„ „ left ,, • • • • .Bj 10 

Bank top width, right, B s 25 

» n .. left, B 4 15 

Side slope of cutting, S 1 tol 

» „ ., bank, S, 1-5 tol 

Height of road over bed, D 8^ 

Depth at which cutting equals bank, • • E 4*25 

Distance between stations, L 1000 

Then if a, b f c, be the depths of digging at the several stations, the 

cross section at a will be 

Ba + Sa* + (Bj + B,) (a — D), and similarly where depth is I 

Bb + 8b* + (Bj + B f ) (b - D), similarly for c f and so on, and the 

whole content being the sum of half the first and last section, and all the 

others, multiplied by the common length will be 

L . B .(-f + b + c + + ^ + T ) 

+ .S.(£ + 6'+c» + + y* + £\ 

+ L(B, + B,) {f -£. + „+ + r+ '^-(.-I)D} 
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Where n fe the number of terms in which the depth of digging is greater 
than D. 

When the depth of digging is less than E, the banks are in excess of 
the excavation, and most be calculated for the total quantity, the channel 
being also calculated, and the quantity subtracted from the total, to show 
the quantity that has to be dug from borrow pits. 

If a, b, e, be the height of the banks, then the area of the sections 

will be 

(B t + B 4 )a+ 2.S t a' 

(B f + B.) b + 2 S 1 ft« 

and so on, and the total will be 

L . (B, + B 4 ) (| + f + + s, + |) 

+ 2 . L . 8, . (£ + 6» + + y* +5) 

Gall the five series, M, N, 0, P, and W to shorten matters ; the point 
is to find the value of these series, an example of 15 stations is given, and 
worked oat, simple figures taken, but with Barlow's table of squares, it does 
not matter what they are, but one place of decimals should never be 
exceeded in any estimate for earthwork. No further explanation seems 
necessary, the only point is to take the estimate in separate sections when 
in excess embankment. If the section is irregular, and the depth of 
digging near £ for some time, so that it seems many sections of estimate 
are necessary, take a good long length, and calculate whole excavation and 
embankment, but the details of working will be evident on trial. 

The advantages claimed are facility of check. Given a detail estimate 
to cheek, it, would it is believed save labor to take it in sections, and 
work it out afresh by this method, and only check in detail the sections 
that are wrong. The centre portion, slopes, and tow-paths are all given 
separate, which is sometimes convenient. The objection is that it does 
not give the detail in each 1000 feet length, but this is a labor that should 
not be gone into till the estimate is sanctioned in these centralised days. 

There is further a great advantage. In laying out the bed of a channel 
on a ground section, and arranging the position of the falls, it is often a 
question whether it would not be better to lower or raise a particular reach 
and to be able readily to get at the difference in excavation is convenient. 
This can be easily done on this plan ; thus, see the cross sections in plan, 
the whole lines say are as the excavation has been estimated, and the 

VOL. I. SECOND SER1B8. 3 X 
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dotted as it is proposed to alter, t. «., to raise or lower the bed x feet, then 
the extra or less in sides is 8 . * . L . M, and the rest is (B + S x) «. n. L, 
or (B — 8 x) x . n . L, and as M is already known, the calculation is awry 
simple one. Thus to raise the bed in r each from station 5 to 11, by 2 
feet 1 x 2 X 1000 x 12, gives the sides, and (50 -f- 2) x 2 x 7 X 
1000 the rest in excess, following same order as in general expression 
above. 

If there are tow-paths, the difference for the length they are calculated 
for is (B, + B,). x multiplied by the length, but as the excavation for 
them will be longer or shorter than before, according as the bed is lowered 
or raised, the easiest plan will be to take out the quantity afresh from 
the estimate. 

The whole complication, if there is any in above general case, is from 
the generality of the case. If as wonld be the case usually only the actual 
quantity was wanted, the excavation from 5 to 11 in example would not 
have been calculated at all. It should be a rule that applies equally to 
all earthwork estimates that the red need levels should be entered to nearest 
tenth, and the half of an odd tenth should be the whole tenth above its 
accurate value. 

An estimate for 44 miles of earthwork, taken out in detail to sections 
100 feet apart, and two places decimals, was made out again by undersign- 
ed taking the digging to the nearest half foot at every 1 000 feet only, and 
the difference was only 2 in 130,. and that it is believed was an error in the 
detail estimate. The labor wasted in earthwork calculations is believed 
to be very considerable. 
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No. LX. 



ON THE PROFILE TO BE GIVEN TO WALLS 
RETAINING WATER. 



By E. L. Asher, Esq., Executive Engineer. 
[Second Article]. 



An abstract of the results of this investigation, containing a genenl 
review of the propositions by which they have been established, was pab- 
lished in a late issue. The object of this anticipation was two-fold. To 
present matters in a sufficiently facile and tangible form to obtain readers, 
and to throw results into a convenient form for practical use. It h* 
not been thought desirable to mutilate this investigation for the men 
avoidance of repetition* It is presented complete, and the diagrams 
are repeated. 

The pressure of still water on a retaining plane varies as the squire of 
the plane's (vertical) depth. Its arm of moment round amy point* is * 
multiple of the depth. Therefore the moment varies as the cube of the 
depth, and its initial value is o. 

The weight of a triangular profile varies as the square of its depth. 
Its arm of moment round the heel is a multiple of the depth. There- 
fore the moment varies as the cube of the depth, and its initial rifae 
iso. 

These identical conditions cannot be established in the case of any geo- 
metrical profile except the triangle. 

* Mot neoenarily in the plan*. 
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Therefore, for a consideration purely of statical equilibrium, the tri- 
angle is the true profile for a wall to retain still water. 

Let ABC be a material triangle 
resisting the pre&sure of water, and 
weighing w' to the square unit. 

And let water weigh w to the square 
unit. 

Let the base BO = b, and let 
P represent the resultant water pres- 
sure, and let 6 be the inclination 
of the water face to the horizontal, 
and O the centre of gravity,, and 
let x be the vertical height or depth. 
Then we have, by known principles of hydrostatics and of mechanics 
generally, and of geometry, 




w'bw, 



X BD = -^ cosecO x 



Ba, 



BD = BE ± ED = {■ ± ED = | ± £ EF, 

EP = ± (CE - CP) = ± (| - CF). 

(the alternative signs are necessary to include the case, where the vertical 
AF should fall on the opposite side of the central line AE — the result 
is the same in both cases), 

BD = | ± I (| - CF,) CF = scotfl, 

-4*IG— •) 

(But as - — x cot carries its own sign according to the two cases re- 
ferred to, this becomes simply, the following) :— 

BD =l + KI- a;cotfl ) 



2 b — x cotO 



8 
Ba=CH-CK = 



rcosecG 



— b CO80. 



Hence, the equation of stability becomes 

v/bx 2 ft — *co tfl _ wx* 
2 8 



= ■=£ cosecfl (^L-bcose.) 
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which reduces to the following, calling 

— = n, the specific gravity of the triangle, 

** cot*0 + (» - 8) bx cotf + ** — 2n& =* <h 
or 2n*» - (11 - 8) * cot0 . b - ** (1 + cot*fl) = o> 
» _ (» - 3)cotfl ± V (n - 8)'cot»e -f8»(H- cofg) 

It is evident, then, that there must be some value of which, intro- 
duced into this expression, will make b, and consequently the profile, i 
minimum. 

To find this, differentiate and equate to o we get 

2 (n - 3V cote eos ec'fl + 16» cotfl cotec^ _ „ 
(n-8)co g ec»a± 4 |t _ ) 8) , e<> ^ + 8at(1 + co ^ "" 

whence, after reductions, 

coW = ± ; f"" g (1> 

and substituting this in the equation of equilibrium, we get on redactor 

6 = ,. 2x P> 

V*' + 2* + 9 

and Fc, the sub-cotangent = d: y \ "" ^ -t^ 

These equations are simple, depending only on the specific graTity of 

the wall, and they determine a minimum profile of stability, of which tte 

batter of the waterface is the governing principle. 

Now let ABC be a minimum profile, and G its centre of gravity, # 

a weight acting vertically in GD, and Br 

n\ the line of resultant water pressffl* 

t i Compounding these forces, represented 

/ \ by LF and LM at their intersection k 

/ % 

G l ^JF-"~ — principles of equilibrium, pass precisely 
F y^-',kt~ \ through the point B, calling P *°d Q 

* x Zz-^ ~\ l" ''* \ ^ e components, the magnitude of tto 

B o c resultant R must be 

R = VP+QH 2PQ coa FLM 
nowP = ^!cosecd 

q nfbx 

V T 
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cos FLM =■ cos0 by construction, 
Substituting for b and their values found for the minimum profile, 



we get 



coeec0 



COS0 



R = / — cosec*0 + — ^ — + 2 j 

= -i /t^s 1 cosec'0 + w'* V + 2W bx cotd 

= !^ / x> cosec^ + n* ft» + 2nfo cotd 
_ ** / * /t . (» - 3)* \ . ^ 4? 7T 2* (3 - n) 

Finally, 

n _ »** / lOn 2 - 16» + 18 U \ 

* "" 2y »» + 2» + 9 v '' 

It may also be usefnl to know the angle which this resultant makes 
with the horizontal. This is easily found to be 

3- n 



cosr = 



V2(5n a - 8n + 9) # 



.(5). 



It should here be observed, with reference to the minimum profile, 
that, like any equilibrated triangle, it is in equilibrium at every point of 
its height, a circumstance which is here evident from b being a simple 
multiple of x> the same for the same value of belonging to the whole 
face of the Wall. 

Now a wall exactly balanced as is the minimum profile, will practically 

fail on the slightest 
disturbance. Let us 
examine what will be 
the effects of such 
failure. Let it fail at 
the joint AB, through 
the resultant R falling 
just outside A. The 
triangle ABC is, it will be observed (or rather was) in stable equilibrium, 
because the overthrowing pressure will rapidly diminish, and its resul- 
tant line of application be lowered relatively to A, by the elevation of the 
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apex out of the water, while the arm of gravitation will more slowly 
diminish on account of its moving through a lesser arc. Some cases, 
indeed, might exist in which this should not prove the case, but whether 
the triangle ABC continued its motion or found a new position of equili- 
brium, the result would be as follows : — 

As the movement first occurred, the pressures acting on the joint AB 
would be more and more lightened on the water side of a neutral axis N, 
and more and more intensified on the land side of it. This neutral axis 
would move towards A as the action increased, until at last the joint 
would open, at which moment N would have reached A, and the whole 
stress R would be concentrated on the point A. The result, practically, 
would be that the back of the wall would throw out a wedge DEF, and 
the triangle ABC would topple over. 

It follows, then, that if arrangements were made to ensure the sta- 
bility of the wall, we have here a limit, immensely exaggerated, of the 
stress that can, under any circumstances, be brought to crush the material 
at its back. If, then, we should add on material at the back, of dimen- 
sions calculated to resist this crushing force distributed over it, we shall, 
at the same time, be increasing the stability by retreating the heel, and 
if it should appear that the amount of this retreat is sufficient to remove 
all chance of mere disturbance, (and very little should suffice to that, if 
we assume the water to be still, to which case every other will, by proper 
allowances, be reduced), it will follow that we have here a sufficient pro- 
vision for the occurrence of a failure which cannot even occur, and A 
fortiori^ a safe provision for security in the integral structure. 

It cannot here be too strongly insisted, to prevent objections to the | 

co-efficients which will hereafter be proposed, that this force R is not 
to be considered as an actual force in practice, concentrated at the back, 
and tending to disintegrate and push it out at that point. In practice, 
it will really be distributed in some varying ratio along the whole breadth 
of the joint, and a surprisingly small fraction of it will actually fall on, 
and about that point. But we are making provision for a hypothetical 
and impossible, a limiting and immensely extreme case, under which a 
quantity of material should be disposed at, and about the point E suffi- 
cient to resist crushing by a certain stress R, distributed over it, and 
which once effected must, under our agencies, render it not only improb- 
able but impossible that the wall should be overthrown by these agencies. 
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Let ABC be a minimum profile. This surface of resistance would 

evidently be provided by setting off 
OE, OF from the back, perpendicu- 
lar to R, so that EF should not be 
crushed by R distributed over it. 
We need not, however, trouble our- 
selves to find this angle, as the 
result will be ensured by describing 
a circle of radius OE round O, and 
making the rib tangential to it. 
If we do this for every point of the 
back AB, and draw lines tangential to all these circles ; in fact their en- 
velope on either side, we shall have defined the rib of resistance. 
Now OE will be calculated as follows : — 
We have (equation 4). 




2 J »* + 2» + 9 



Let the absolute resistance of the material to crushing be 

p l lbs. to the square inch. 
We will divide this by 8 as an admitted factor of safety for masonry in 

compression. This safe co-efficient of ~ we will call p, which will repre- 
sent the safe pressure per square inch — to avoid mistake. 
The breadth of the rib will therefore be in feet, 

was? 



__ / 2(5*» 



- 8 n + 9) 



144x2?/ ** + 2» + 9 
and the radius, or the off-set from the back will be half this, or 



144 x 



<*#/ 



2(5tt»-8n + 9) 



(6) 



As this is a quadratic expression, the back of the wall will have the curve 
of a conic section, and we may, for an immediate purpose, consider it a 
parabolic spandril. 

This rib has to be increased to an extent allowing for its own weight 
tending to crush it. Considering it a parabolic spandril, and resolving it 
vertically and horizontally, the crushing force will be one-third the area of 
the parallelogram standing on its base, of height x, and multiplied by u/. 

VOL. I.— SBCOSD 8K1U1C8. 3 T 
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That is, by equation (6), we shall have for the crushing force canted by 
the weight of the spandrfl 

144 X 12^/ ** + 2* + * 
adding this to the main crashing stress B (eqoat. 4), we get for a cor- 
rected gross crushing stress — ^ 

and, finally, for the corrected radius of the rib 



/I •• \ » ** , 2 (5 »» - 8 » + 9) 

(7 + U4lT67y uTfiJ\/ ** + ** + » 

Or, caffing p the radius, multiplying and dividing by u>, and giving it it 

ordinary value of 62*5 

The second term of the first factor of this expression is for moderate 

heights, say under 50 feet, so extremely small, that it may be neglected 

in such cases, and we shall have for the radius 

_ 01 085 x* j 2 (5w» - Bn + 9) ,g\ 

' — p J n» + 2n + 9 > ^ '* 

Diagrams 1, 2, and 3 are drawn from equation (7), on the assumption 
that the safe crushing weight p = 100 ft>B. per square inch. In diagram 
1, n is taken at 1*792 as corresponding to brickwork, weighing 112 ft*, 
to the cubic foot. In diagram 2, n is 2*306, for masonry weighing 144 
lbs. to the cubic foot. In diagram 3, n is taken at 2, as an assumption 
for concrete.* . 

This theory has now to be tested by considerations of stability founded 
on failure by sliding, and by results of which the elements are laid down 
by Professor Rankine in his Applied Mechanics. 

It will be seem in that work that the author starts by conceinng t 
triangular wall fully adjusted for safety, and that this adjustment is sup- 
posed to have been effected at the outset by locating the centre of resist- 
ance of the joint at a distance q from the bisection of the joint. He then 

• For a correction of this process, which does not materially affect results, see addendum to tkn 
paper. It will also be observed that the adoption, for the back of the profile, of the envelope of thee 
generating circles is a slight departure from mathematical tenth, bot a departure on the safe ride 
*m quite necessary for simplicity in construction. 
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calculates the equation of moments, involving two unknown quantities, q 
and the width t, and eliminates q by. laying down a second equation 
based on the stability of friction. The result is an expression for a wall 
which shall be safe against overturning and against sliding, which, in the 
opinion of many, may be all that can possibly be required. To others, 
however, it may appear that in very lofty dams it is advisable to have 
security by a compression rib, the design of which has involved the consi- 
deration of maximum strains, and the degree to which either method 
should be applied, will, I think, be apparent from the diagrams I have 
subjoined. 

Professor Rankine's results are worked out on certain special cases, 
but it will better suit my purposes here to develop his general theorem. 
The reductions involved being extremely lengthy, I shall only have space 
here to indicate operations. 

Rankine's equations, slightly simplified and adapted, are the following. 

-f = v^T^-*, (»). 

£ = • * -£;*' . w 



m 



a = s&±7 Becj > ( n >- 



b = m 2^4 tan/, (12). 

9±<t 

t = bottom width. 

x = height. 

j = inclination of the face to the vertical. 

^ = limiting angle of repose for masonry, taken at tan = 0*74. 

m = the reciprocal on w, the specific gravity. 

q = a variable, = the ratio of the distance from the centre of resis- 
tance to the bisection of the joint, to the whole breadth of 
the joint, or t. 

tf = the ratio of the distance from the perpendicular dropped on the 
joint from the centre of gravity, to the bisection of the joint ; 
to the breadth t, of the joint. 

It is evident that q' contains its own sign, and hence the alternative 
signs will be dropped. 
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I now proceed to develop the general equations. First to detenumef . 

We shall clearly hare— 




AB = vSf - **• 
AC 1 = AD 1 +"DC» - 2 AD]. DC- ' 
cos ADC 



= -^- +"D(?-«.DCfimj. 



DC = x sec> 



AC* = -|- + a* sec*/ — tx tan/. 




AB = I*- + (secV - 1)*-*** 
s- J a: tan/. 



^ =± *G^ 1 ^M 



.(«} 



Squaring equation (9) we get— 

giving a and b their values, in which 4 is replaced by its valne is *■* 
above, (equation 18). 



^ 6m(-f- + j) tan/ ^ j m sec*/ _ 



so 



This becomes the following: — 

2(8^+1) 
Substitute this valoe in equation (10), and we get , 

[<% + l)i.l^g!=/ + {•-(|+})-i}t-i] t - {e-ft + M 

tanV + 4«»ecV(8^ + *). 
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Whence, after lengthy redactions, we draw the following value of q. 



2 = 



— b ± >Jb % — 4<KJ 



I 



2a 



in which 

a = 36 m (J* + u> tan/.) 

b = a*> tan/ — 12 sec 2 ; + 12 m« 2 . 

c = *»»* — /3 « tan/ — 2 sec 2 /. 



a = 12 (2w- 1), 
/3 = 2 - 3ro, 

1— tanfttan/ 

W ~~ tan* 



(15). 



(16). 



And q being determined from these equations, we can find — by sub- 
stituting its value in equation (14) simplified as follows: — 

— = Z B ± ^ g " * Ac ^ 

* 2A 

A = 3q X i- 

B=[6m(f +f)-l]tan/ 

c = — m sec 2 ,;. 

Now the limit of value of q is, as a result of its definition, q zz \. 
That is to say, such is the limit of the values of q, within which equation 
(16) has any rational significance. 

If we insert this limiting value of q in equation (16) we get 

A = | + 4 = 2. 

B = (t - **** - {8m ~ *) tan ^ 
C = — m sec 2 /. 
t _ (1 — 8ot) tan/ ± *J{gm % +~2m + 1) tan*/ + 6m n -. 

T" — i l u '* 

Also, if we insert the value q = i in equation (15), we obtain 



_ - 2 (m + 1) tnn j ± 2 v^(w - 1)' tan» f + »* a n8) 

^ "" 4«itanf v '' 

Now the greater the value of q, the less will be the value of t, and con- 
sequently the area of the profile. 
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That is, the minimum profile under frictions! cm&kjm vZ'*e ac 
•corresponding to the maximum value of q, or q = ±. 

Therefore equation (18) gives the raloe of tan j for this lr-ir^n p- 



file, m and ^ being given in every case, and if we insert this T«erf an 
j in equation (17) that equation will determine the eorrespGbibg raa; a 
the base, thus completely determining the profile. 

We have here all that is necessary to enable as to realise, rnedaLj 
and fully, the law of profiles designed on the basis of frictsocal st&^j. 
The calculations are extremely lengthy, and I shall eon&ae aiyseif \m 
to the nett results only. 

I have considered, then, a structure of masonry weighing 144 IlH 
the cubic foot, and in which, consequently, at = 0*433, and I have taka 
an £ at 0-74, and my results are as follows : — 



Walne 
of 


J 
or corres- 
ponding 
approxi- 
mate angle 

with 
Terticml. 


e 

orcof lutpoud- 

ing apptoxi- 

mate angle 

withhori- 

aoaUl. 


Vataa 

Off. 


ftetioaf toae n ^, 

toheiskt. ' 





0* 


90° 


0-25480 


0-5852 I wrtkalfao. 


01 


6° 


84° 


032542 


0-5418 


0-2 


11|° 


78|° 


041260 


0-4985 j 


0-3 


17° 


73° 


increasing. 


* - 1 




0-368 


19|° 


:7<H° 


0-50000 


0-4680 j ninam 



This establishes the conclusion that of equally effective walls in respe* 
-of frictions! stability, those are more and more economical which hare a 
Increasing departure of their water face from the vertical, and that, ii&- 
an the limits of this theory, the greatest economy is attained where tb 
water face is inclined at about 70£° to the horizontal, at which post** 
the base should be 0-468 of the height, being a saving of 0*1172, or bsj 
ll£ percent, on the wall with a vertical face. These figures, be it under- 
stood, being for walls of the precise weight of 144 lbs. to the cate 
foot. 

I have farther compared, for three several -classes of work, the mi»" 
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mum profile of rotary stability with this minimum or limiting: profile 
of f fictional stability, and my results are as below : — 



Class of work. 











,5 


Rahio ok: base 


Assumed 






Cot & or tan,/ 




rj 


TO IIEIQ1IT. 


weight 


it. 


m. 


for mininam 


Tanf 




For frin- 


lbs. per 






profile of ro- 




For 




cubic 
foot. 






tary stability. 




* * S 
3- 


rotary 
stabil- 


rotary 
stabil- 










a 


ity. 


ity. 



Remarks.. 



Brickwork, . . 



Concrete, 
(gravel), 



Masonry, 



112 


1 
1-790 

2*000 

2-306 


0559 
0*500 
0433 


:( 0-297 j 
1 0-300 f 


0-74 
074 
074 


73° 


0503 


0-585 


125 


0-242 


77° 
80*° 


0485 


0555 


144 


| 01595 1 
\ to \ 
{ 01600) 


0-460 


0-516 



That is to say, the inclination of the water-face in the minimum 
profile of rotary stability is, in every practical case, such as to bring it 
within the limits requiring theoretical allowances for friction, and that, 
to satisfy this criterion, their bases should be increased to the following 
values, respectively :— 













cot. 9. 


ft. 








Brickwork, 


.. 


.. 


• • 


029* 


586'* 








Concrete, 


• • 


.. 


.. 


0-242 


0*555 -«r 








Masonry, 


.. 


.. 


• • 


0160 


0-516 •« 






That 


is, if the 


frictional 


criterion 


be 


considered 


a sine 


qud 


non. 



That it need not necessarily be so considered, will be evident from the 
fact that by canting the courses some 10 or 12 degrees towards the 
water, we could, at these values of 6 eliminate it altogether. 

Accordingly, I have plotted on to diagrams 1, 2 and 8, a straight back 
to the wall which satisfies this criterion. That line it will be seen, falls 
outside the curve of the rib down to approximate heights, for brick-work 
concrete and masonry respectively, of 55, 40, and 30 feet. Intersecting 
the curve at these points, it falls rapidly within it. 

That it is no great matter whether or not we satisfy this criterion will 
be evident on these diagrams from the extremely minute departure of the- 
line in increment, amounting in no case, and that only at one point, to 
one foot in 16. The gross increase to the wall by its introduction would 
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be in the maximum, case (brick-work), about 2 per cent, and on farther 
consideration, even less. 

For, practically, these walls must not terminate in an apex. They must 
carry a wash wall, and a gangway. They must have at least 3 feet top 
width. Let us say 4. Plotted on to the profiles, this will probably re- 
duce the increase to little over 1 per cent, and in high dams this percentage 
will be sunk to practically nothing by distribution over an increasing mass. 

The principles of the design of safe profiles as developed in this essay 
may, then, so far be summed up as follows, for practical application, and 
subject to a few provisos respecting only the height x, which will be made 
in the sequel. 

X. 

If the constants that have been assumed be practically accepted. 

(a). If the wall do not exceed certain heights, being 

For brickwork, ..55 feet. 

„ concrete, 40 H 

„ masonry, 30 n 

make the profile a simple triangle on which 

For brickwork, AB = 0-585. x, BC = 0299 «. 

„ concrete, AB = 0-555. *, BC = 0242 «. 

., masonry, AB = 0-516. x, BC = 0-160 r. 

(6). If the wall do exceed these heights, let the 
profiles of diagrams (1), (2), or (3) according to the 
material, be precisely initated, according to their 
figuriugs, adapting the exterior straight back for 




its upper portion. 



II. 



If the constants that have been assumed be not practically accepted. 
Proceed to draw a minimum profile of rotary sta- 
bility, in which b= ; = c= ■=== ' 

n being the specific gravity of the material At, 
every 10 feet of the height, rule a horizontal line, 
and where it intersects the back AD of the profile 
describe a circle of radius p so 
rt __ / 1 . n \ 6 781Cvr* /2(5#t a -8*+!F) , _ 

<* - I gYETt + m P ) -J— J ~ * + 2» + u or > for a ro, « ber *" 




Digitized by VjOOQ IC 



PROFILE FOR WALLS RETAINING WATER. ETO. 593 



P = —^-^ ^ + 2n+9 * *» he,ght 18 < 6 ° 



= 0-1085ar» 



n being the specific gravity of the material, 
p the safe compressive strain per square inch of the material. 
x the height, or rather, depth. 
Tangent lines drawn to all these circles will define, on the outside, the 
back of the wall, and on the inside, the inside limit of the rib, to be used 
or not, as details of construction may require. 

If the courses are to be canted, the profile may be so far considered 
complete, otherwise increase it for frictional stability as follows : — 

3 — n 



Calculate tan.; = cot = 



V ** + 2n + 9 

Calculate a quantity q as follows, inserting this value of tan /, and 
calling tan ^ (the limiting angle of repose) 0*74 on the authority of 
Rankine, and m being the reciprocal of the specific gravity of the 
material. 

__ — ft + V ft* - 4 ao 
* ~" 2a 

c = 36 w (w J + w tan,;), 
b = a w tan / — 12 sec 2 ,; + 12 m a* 2 , 
c = m bfl — (i ai tan/ — 2 sec 8 /, 
a = 12 (2 m - 1), 
j3 = 2 — 3 m, 

1 — tan 6 tan j . 

(f) s— . - 1-» 

tan <p 

being very careful about signs. 

Then, with the resulting value of q, enter the following equation, giving 

tan/ its value as found, and remembering that sec 2 / =s 1 + tan 2 /. 



j_ - B + VB» - 4Ag , 

* — 2A 

A = 3? + £, 
B = [6 m (-£- + i.) - l] tan/, 

C = — m sec 1 /. 
The result will be a fraction, the ratio of the base to the height. The 
value of the base thus found is to be set back from the toe of the pro- 
file under correction, and the extremity joined to the vertex of the wall, 

VOL. I. — SECOND SERIES. 3 Z 
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forming its back, and the corrected back of the profile will follow the 
curve below, and the straight line above the intersection. 

All these calculations will, of course, be effected with logarithm tables. 

These profiles having been designed for perfectly still water, require 
two corrections, viz. :— 

(1). For waves. 

(2), For currents. 

Waves. 

The waves which occur on minor bodies of inland water are inconsider- 
able. A very usual height of splash wall is 4 feet, and we maj safely 
fix this as the limit of height of undulation above mean level. 

The effect of a wave will be to momentarily increase the head of water 
on the structure. It would seem, therefore, that a full provision would 
be to design the wall as for a depth of 4 feet greater than the proposed 
high water level will give. 

It should be borne in mind that, as a reservoir should always have over- 
falls strictly calculated to pass off water of a certain maximum depth on 
their crests, it is this highest surface, and not the crest level of the high- 
est overfall that is to be assumed as the primary high-water level, and to 
this, then, is to be added 4 feet for the effect of waves. 

Currents. 

It is not proposed here to consider the case of retaining walls acting 
as overfalls. These, as requiring the particular condition of plumb, or 
nearly plumb, backs, to avoid wear at their feet, involve special considera- 
tions, which will be the subject of a future investigation. 

But such currents as may be either the reflex of a main current to- 
wards an overfall, or the effects of a main current on the immediate flanks 
of an overfall will be here considered. 

The maximum observed effect in lbs. pressure of the normal impact 
of water having velocity v, on a square foot of surface, is 4 times the 
hydrostatic pressure of a column of that base, and having the height due 
to the velocity v. Consequently, if v be the velocity of the current, the 
maximum additional pressure of impact on the wall may be held to be 
produced by an increment in head of 

4 — , or say ^ in feet. 
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The effect, then, of a reflex current may be considered so small as to 
be practically not worth considering, and that of a direct current on the 
flanks of an overfall may be taken as some fraction unknown of the 
surface Telocity over the fall. This is a function of the maximum depth 
on crest. Calling this depth h, we may say that the maximum velocity 
is */2gh, and we shall have 

in which a is some fraction, which can only be settled by experiment. But 
when we consider the case of a high overfall, it is very evident that the 
mean velocity of what must be, after all, an induced current or eddy, 
counted distributively over the whole back of the wall, must be an 
extremely minute fraction of the velocity of the escaping body of water. 
Now in an ordinary overfall of 2 feet on the sill, the velocity may be 
taken at 10 feet per second, and if we take v at one-fourth of this, we 
shall undoubtedly be far above the mark. In such case we should have 
v — 2£, or let us say 8, and r-r = about 6 inches. 

If, then, we add on a foot to the working head, we shall have made safe 
provision for currents. 

In fine, we arrive at a gross correctional addition to the head, which I 
have estimated at 5 feet, but which any one may ^x at x Q , according to his 
particular judgment, guided by these principles, and this correction is to 
be applied as follows : — 

An indefinitely deep 
profile ABC having been 
projected according to the 
principles which have been 
laid down, set off a height 
AD = a? , and then 
terminate the profile by a 
horizontal line which will 
be considered the high 
water level of the work. 
On this should be erected, 
the wash-wall, and if the space be small for this and the gangway 
it may be economically provided by corbelling the back as per accom- 
panying sketch. 




Digitized by VjOOQ IC 



596 



PROFILE FOR WALLS RBTAINIKG WATEft, ETC. 




Now it will be evident from all that has been shown, that the principal 

destructive stresses would come upon 
the back of the wall. Accordingly 
it would seem that by making the 
compression rib of the best work, 
and connecting it at horizontal and 
vertical intervals, by bond courses 
with similar work on the face de- 
signed to resist percolation, and by 
making arrangements for thorough 
drainage of the interior, we might 
use material of the very roughest character for the filling. In fact, it will 

be evident that such a wall is here 
assimilated to a cantilever or gir- 
der, which in effect it is, and the 
disposition of the sounder mater- 
ial entirely corresponds to that of 
flanges and web of a girder, and 
does the same duties. It would, 
in fact, be a good measure, were it 
not for the expense, to bond the 
facework vertically with hoop iron, 
as it would positively be in tension in the case of any tendency to failure. 
However this investigation is not intended to go beyond the establish- 
ment of a normal profile, which profile will be departed from, added to, 
and worked up in design, subject to the various conditions of work and 
the practical insight and discretion of the Engineer. 




Addendum. 

To ensure simplicity in results, the preliminary calculation of the half 
rib area for correction of the crushing force is necessarily rough, but it is 
approxmate. 

It has, however, been observed that it constituted a doubtful feature 
in the investigation that the weight of the half rib had been estimated on 
a breadth assumed, or rather deduced from conditions which were im- 
perfect in not having embraced this weight. The following calculation 
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has, therefore, been made in revision of the former one, and, while it will 
be seen from the example given, that the difference of results justifies, 
by its minuteness, the method originally followed, it will yet be advis- 
able to adopt this corrected value of p on account of its greater sim- 
plicity. 

Let p be the half breadth sought. Then the crashing force due to 

the weight of the parabolic spandril assumed will be p 9n> 

Adding this to the crushing stress K, found in equation (4), the 
corrected gross crushing stress will be 

_ **>' , n>x* I 2 (5 w'~^ 8 n + 9) 
•° ~" 3 "*" 2 *J » a +2» + 9 

and since the safe crushing strain per square inch is p, the breadth of 
the rib will be £77— X crushing stress, and since p = half of this 
breadth 

— 1 — ( ** + ^jL / 2 (5 ;|t - 8 y ^ +^)\ 

9 "" 288^ "" \ 3 "*" 2 y n a + 2 n +~~9 / 
which reduces to the following (making w = 625 and — = n 



— 8 ** / 2 (5 « 

P ~~ 2 (13 824;* -n*)J n» 



2 (5 n» - 8 n + 9) 
n f + 2 n + 9 



This should supersede the value of p given in equation (7). 

To show how trifling is the difference in any case, let us take height 

(x) ^ 50 feet, n = 2, p = 100. 
Equation (7) gives p = 3-602. 

Revised equation gives, p = 2*622, or about a quarter of an inch 
difference. 

E. L. A. 



Digitized by VjOOQ IC 



598 ESSAY ON THE GEOLOGY OF KUMKUB. 



No. LXI. 
ESSAY ON THE GEOLOGY OF KUNKUR. 

[Vide Plates Nos. LTV. and LV.] 



By A. Niellt, Esq., Assistant Engineer, S.W.D., B.D.C. 



The origin of the mineral called kunkar, which is spread as a sub- 
alluvium stratum over such a large proportion of India, has not yet, as far 
as I am aware, been thoroughly investigated. 

David Page in his hand-book of geological terms, merely states that 
it seems to correspond in point of time to the boulder drift formation, 
and adds to this information a general description of it by Ansted. 

The Roorkee Treatise seems to call it calcareous tufa when it is found 
in solid layers, and in the undulated districts ; and kunkur when the well 
known vesicular nodule of the plains is meant. It appears to be, the Trea- 
tise says, a species of subsoil tufa formed by the deposition of calcareous 
matter extracted by the surface waters in minute portions from the beds 
of sand and clay, and re-deposited in a concentrated and irregular form. 
I cannot help remarking that after reading this definition, the mind 
does not feel satisfied that a geological problem has been satisfactorily 
solved, and must inquire if the causes of origin attributed to this calcareous 
tufa, correspond with those generally acknowledged by geologists. If 
therefore I return to David Page, I find that calcareous tufa is a porous or 
vesicular carbonate of lime, generally deposited near the sources, and along 
the courses of calcareous springs, incrusting and binding together the 
objects that lie in the way. Occasionally when such springs discharge 
themselves into lakes and seas, beds of considerable thickness are formed, 
producing a light calcareous rock like the Travertine of Italy. When 
slowly formed in the open air, compact incrustations are the usual result. 
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The above extracts from David Page, and the study of the admirable 
descriptions of the glacial period, and of the deposits of calcareous strata 
to be found in Sir Charles Lyell's elements of Geology, induce me to 
offer a solution of the problem of the origin of kunkur. 
It is, that during the glacial period and after it ; 
When the boulder drift formation was taking place, and after its termi- 
nation ; 

When India was slowly upheaved by volcanic action out of the deep sea. 
Innumerable hot springs, like those of Iceland, covered many points 
of the Indian soil with calcareous matter, which according to the circum- 
stances in which it found itself when solidifying, took various forms, and 
petrified various beds of minerals lying in its way. 

In support of the above hypothesis, which I humbly submit to the 
judgment of geologists, I will describe as well as it is in my power, an 
excellent ground for geological researches situated in the Goordaspore 
District, between Dinanagar, Madhopore, Patbankot and the Beas (vide 
Plate LIY). This ground offers a rich field of observation, as it contains 
large deposits of boulder drift, conglomerate calcareous sandstone, calcare- 
ous sand nodules, travertine or kunkur in many varieties of form and of 
purity as a carbonate of lime, and in some rare elevated spots, calcareous 
marls, on the surface of which the formation of round and flat nodules, of 
kunkur is even now proceeding. 

I shall avoid in this description classifying any of the formations that 
I have examined, leaving this classification to men of greater experience. 
I shall confine myself to stating facts that every body can see and to 
drawing from them inferences almost self-evident. 

If I draw a vertical plan through Madhopore and the Dhangoo cut, I 
obtain a section of the country which gives me an idea of the formations 
on which rests the alluvial deposits, and of the way the work of deposi- 
tion was performed (see Plate LV.) 

If I start from the Madhopore side, the lowest layer that I can observe 
is the calcareous conglomerate, the cementing or " the grouting " material 
of which is visible on many of the pebbles which compose it. Under 
this lie, I presume, the same strata of shales and clays that are to be 
found in the Dhangoo cut, and the calcareous sandstone which is found on 
the other side of the valley of the Ravee. Over the conglomerates appear 
the boulder drift, cemented with alluvium clay. As the line of the high 
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shore of Madhopore is continued on the other side of the river, it can he 
presumed that the deep ravine which leaves perpendicular cliffs of boulder 
drift, 60 feet high, on the south eastern side was once filled by drift 
through which the Ravee has cut its present bed. 

Now if I leave Madhopore to travel in the direction of Pathankot, 
I go up for a small distance towards what must have been an ancient 
shore of the Ravee. After passing it, I go along a ground insensibly 
sloping downwards, until after passing the torrents, and the town of 
Pathinkot, I go up by a gentle slope to the Choki torrent, and the 
Dhangoo hills. 

Formerly the Choki running along the summit of the watershed of the 
country, divided its waters in two principal branches, one of which ran to 
the valley of the Beas and the other to the valley of the Ravee; but when 
the Baree Doab canal was made, the Ravee branch of the Choki was 
found so dangerous, that it was deemed necessary to divert the whole 
of its water towards the Beas. This was done by making a cut 200 feet 
deep through the Dhangoo hill. This cut gives to the geologist an in- 
sight in the formations which lie under the boulder drift. 

As far as I could judge without instruments, the dip of the different 
layers is about 30°, and directed to the N. E. On the northern side the 
hill is very steep, and the slope cuts the strata at an angle of about 60°; 
the slope of the southern side is long and easy. The layers are mostly 
composed of hard conglomerates alternating with loose sand and shingle, 
shales of various colors, loam and brown clay, and are covered on the 
southern side by layers of boulders, loam, shingle, and a last layer of 
alluvium clay. Now if I ascend to the summit of the hill and look to- 
wards the west, I find that the watershed, which somehow has lost its 
hilly character, turns round towards the S. 8. W. until it meets the high 
grounds or promontory of Bhimpore, and takes the character of a plateau 
descending rapidly towards the green valley of the Beas, and gently sloping 
in the direction of the rich plains watered by the canal, and by the Ravee. 

Then if I turn towards the N. E., I see on all sides nothing but hills 
and lofty peaks, and can fancy myself in the middle of a magnificent bay 
which once contained the estuaries of two great rivers and of numerous 
torrents. 

If after having thus discovered the general features of the surrounding 
country, I carry my thoughts backwards to the glacial period, I find that 
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volcanic action was upheaving the hill on which I stand, that currents 
from the west were pushing against the hills, just formed, huge icebergs 
"whose grinding action took away their greater portion, formed the long gap 
between Dhangoo and Bhimpore,* and filled the valleys with their erratics 
and boulders. 

Following now with the rapidity of thought, the slow upward motion 
which has lifted up the upper surface of the boulder drift nearly 1200 feet 
above the level of the sea, I see clearly that when the waves were receding, 
the waters of the Ravee, of the torrents and of the Beas began to cut their 
present beds through the boulder formation, and their floods were covering 
with alluvium, not only the boulder drift, but also the beds of calcareous 
tufa, just issued from the mineral springs. Then the high grounds of 
Bhimpore acting as a promontory, threw the waters of those floods to- 
wards the parent stream. I must now descend from the height overhanging 
the Dhangoo cut, and visit in detail the grounds that I have just examin- 
ed from a general point of view. One of the first things that I find is, 
that Hindoos have collected at the feet of their sacred Peepul trees, 
all the smaller available stones polished and grooved by the action of tho 
icebergs. Of course I dare not take away these ex-votos of a new kind, 
afraid to hurt the superstitious feelings of their owners, and I am obliged 
to leave my collection without specimens of a most curious form. 

The object of my next visit is the undulating ground on the N. E. of 
Pathankot, from which kunkur has been lately excavated. There I find 
horizontal strata of vesicular calcareous tufa about one foot in thickness 
and at depths varying from 6 to 8 feet. The vesicles are well filled with 
the clay which lies under and over the travertine, and the upper layer of 
alluvium contains many little bits of the same mineral. Besides this layer 
of calcareous tufa, I find in many fields a surface kunkur generally cylin- 
drical, and formed evidently round a nucleus. I shall have occasion to, 
speak again of this surface kunkur. 

If I leave the fields on the eastern side of Pathankot under which lie, 
I presume, extensive strata of calcareous tufa, and visit both sides of the 
promontory of Bhimpore and the various cliffs left by the receding waters 
of the rivers which run now 120 feet below the promontory, and six miles 
from it, I find on the western side, and in almost every cut formed by the 
action of rain, water along the slopes, extensive layers of flat kunkur lying 
horizontally in marl, and the slopes of those cuts covered with little bits 
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of kunkur, left by the rain water carrying away the alluvium in which they 
were buried. These beds of flat kunkur are sometimes interrupted by t 
layer of calcareous sandstone, about 9 inches thick. If I pass to the 
eastern side of the promontory, and visit also all the natural drainage 
cuts, I fall on a still greater variety of calcareous deposits. 

First of all at Mumeal, over a bed of fine river sand, are layers of cal- 
careous sandstone, of the most contorted and curious shape ; over this are 
beds of loam full of calcareous sand nodules, which look as if they had 
been formed round nuclei, and some of them assume the shape of sea 
shells. Whether they are petrified shells or not,' I leave to more learned 
men to settle. These beds are sometimes interrupted by thin bands of 
calcareous flat nodule. 

* Further on near Ghooban, I met with a small elevated spot, where the 
ploughs have not yet cut away the ancient marly soil. There I find again 
the same surface kunkur of Pathankot, but here it is in its original state, 
rising vertically out of the ground, and surrounding the petrified stems of 
the jungly plants which grows on those grounds. Here also I find some 
flat kunkur, whose recent formation somewhat agrees with the description 
of kunkur found in the Roorkee Treatise, and alluded to before. Here 
the flat and round kunkur are evidently formed by rain water, laden 
with calcareous matter, dissolved from the marly soil, which lies in the 
centre of this kunkur nursery. The way the flat kunkur is formed is most 
curious ; the calcareous matter meets scales made in the ground by the 
heat of the sun, and slowly converts them in flat nodules. If it is unques- 
tionable, however, that these species of kunkur are formed by the agency 
of rain water, the first cause of origin is, I think, the mineral springs 
which originally saturated the marl with carbonate of lime. 

Whatever may be the first cause of an excess of lime in the soil, it is 
certain that running water gave its form to the flat kunkur, as I saw 
further on, on my way southwards, and half way between Rusoolpore and 
the canal, the denuded horizontal surface of one of these beds formed 
many centuries ago, and I could see that the spaces between the nodules 
were well defined, continuous, threads through which the liquid calcareous 
matter must have flown. 

Going again towards the south as far as Lahri, and on the canal side 
of the villages called Nya Pind, Ealipore, &c, I find at various depths 
extensive strata of calcareous tufa in the vesicular form, the upper layer 
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being the most rich in carbonate of lime, and the lower layer being 
frequently a gritty nodule, the form of which somewhat resembles a 
petrified sponge. 

I must here bring to its conclusion this small essay, which I am con- 
scious does not do enough to prove that kunkur was formed directly and 
indirectly by the action of mineral springs, but I shall feel satisfied with 
the result of my labor, if this little work induces experienced geologists 
to weigh the value of the hypothesis, and helps them in finding the real 
cause of origin of kunkur. 

Could not also the hypothesis of mineral springs laden at first with 
carbonate of lime, and at their last stage with sulphate or carbonate of 
soda, as some of the springs now in activity in the lower range of 
hills, explain satisfactorily the presence of Reh in some of the soils 
overlying kunkur. 

Whatever may be the worth of the above hypothesis, I hope that this 
short essay will be found interesting and useful by the Members of the Engi- 
neering profession, who have the greatest interest in a thorough know- 
ledge of the kunkurs, our only sources of natural cements. 

A. N. 
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No. LXII. 

MANUFACTURE OF CEMENT IN INDIA. 

[Vide Plate* Nos. LVL and LVH.] 



Notes on the Proposed Manufacture of Hydraulic Cements in India, 
By Ljeut.-Col. H. A. Brownlow, R.E., Chief Engineer of 
Irrigation, N. W. Provinces; and P. Dejoux, Esq., Executive 
Engineer of Cement Experiments, Calcutta. 



[Note by Editor. — A most interesting report by Lieut.-Col. H. A 
Brownlow, R.E., on the means of manufacturing artificial hydraulic ce- 
ments in the N. W. Provinces of India, was submitted to the Government 
of India, in August 1870, and was republished as Paper No. CCXCIV., 
in the First Series of Professional Papers, Vol. VII. 

Extracts from that Report have been incorporated in the new Edition 
of the 1st Volume of the Roorkee Treatise of Civil Engineering, which is 
now being published at the Thomason College ; and in order to render 
this article complete in itself, and to elucidate the further notes on the 
subject now published in it, the extracts above alluded to are now repro- 
duced, and will serve as a preface to the new " Notes."] 



The following rules for the manufacture of Hydraulic Cements in India 
are those recommended by Colonel H. A . Brownlow, R.E., Chief Engi- 
neer for Irrigation in the N. W. P. 

The pure rich lime of the lower Himalayan ranges wonld be the best substitute for 
chalk. Practically, it is chalk with the carbonic acid driven off, and by its use we 
should save much wear and tear in grinding and mixing it with the clay. The haid- 
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cr lime-stones would require stone-crushers and extremely hard mill-stones to pulve- 
rise them. 

The clay should, if possible, contain oxides of iron, in any proportion up to 15 
per cent ; but if this cannot be secured, any compact greasy clay free from sand, will 
answer our purpose, although, perhaps, not quite so well as the other. ~ The^propor- 
tion of pure lime added can always be modified according to the chemical composition 
of the clay used. 

The lime and the clay which it is proposed to mix, must be first thoroughly dried 
in the sun, but the clay should be used as fresh as possible, and any exposure of 
it to sun and air, further than that absolutely necessary to dry it, should be care- 
fully avoided. 

The material must then be separately pounded, either by hand or any simple 
machine, into pieces not larger than a pea, and the pounded materials should be 
screened so as to ensure the exclusion of coarse lumps. 

The pounded materials should then be passed in certain definite proportions through 
a hopper between a pair of ordinary flour mill-stones adjusted so as to grind them 
as fine as flour. It will save much wear and tear, and do the work more thoroughly, 
if the materials are passed through two pair of stones in succession, the first pair 
adjusted to grind more coarsely than the second. 

The exact proportions of lime and clay to be employed will depend upon the 
chemical constituents of the materials used, and must be fixed on the spot General- 
ly speaking, there should not be less than 40, or more than 60 per cent, by weight of 
pure lime, and from 60 to 40 per cent of clay. Having been fixed, the proportions 
must be most carefully adhered to, as any carelessnesss in this matter will of course 
vitiate all future operations. 

The pulverised material should then be mixed in a cylindrical vat with a graduated 
scale on its side, in the proportion of thirty volumes of powder to ten of boiling 
water, in which has been mixed fcth volume of calcined soda and £ lb. of freshly, 

burned and slaked lime. 

From the vat, remove the 
mixture to a basin in which a 
couple of mill-stones should 
be made to revolve on their 
edges round a vertical shaft, 
as in the case of a steam 
mortar mill. The basin 
should be only just large 
enough for the stones to re- 
volve in, should be carefully, 
and smoothly paved with 
hard stone, and should be 
surrounded by a rim of wood 
or masonry 8 inches to 12 
inches high. The stones should be fixed at slightly unequal distances from the vertical 
shaft, so as not to run exactly in each other's tracks, and at the outset I should think 
it would amply suffice to move them by animal power as shown in sketch. They 
could afterwards be easily connected with the water wheel that drives the mills. 



Digitized by VjOOQ IC 



606 MANUFACTURE OF CEMENT IN INDIA. 

From the edge runners, the mixture should be taken to a pug-mill, and when 
thoroughly pugged, (being passed through the pog-mill 2 or 3 times if necessary,) 
should be cut off in small bricks or lumps, not exceeding 2 or 2} inches in thickness, 
as it comes out of a shoot fixed at bottom of mill. 

It may not be amiss to remark here that too much pains cannot be bestowed on the 
thorough incorporation of the raw materials, and in keeping them clean and free 
from sand and foreign ingredients during the process. As far as any chemical action 
is concerned, the clay remains almost inert after the mixture has attained a doll red 
heat, so that it is most important to bring it into the closest contact with the lime, 
before the burning commences. The presence of sand tends to produce Yitrifactun 
during burning, and is most prejudicial to the cement ; clay containing more than 
^u of sand should be rejected. 

M. Lipowitz objects to drying in the air, and quotes two examples where doing 
so was found to be most injurious to the cement But the English manufacturers 
expose their raw cement freely to the air in the reservoirs, where it sometimes lies 
for a couple of months before it is burned ; and in one factory, I saw it being wheel- 
ed direct from the drying reservoirs to the kilns. So that, until experience shows us 
in India that kiln-dried, is stronger than sun-dried, cement; I should recommend 
stacking the blocks of raw cement, as removed from the pug-mill, in drying hacks 
like bricks. 

When thoroughly dry, the blocks of raw cement should be burned, either in clamps 

with dried cow-dung, or in a good lime kiln with thoroughly dry wood, or with 

charcoal, as experience on the spot may show to be most advantageous. The proper 

degree of exposure to heat should be ascertained and carefully adhered to. The 

higher the heat to which it is exposed the greater the density of the cement, the 

greater also its strength and its ultimate degree of induration ; while the lighter 

cements have the property of setting more rapidly. 

The burnt cement should then be pounded until it can pass through a screen with 

meshes the size of a pea, and finally be ground as fine as flour, 

so that it can pass through a No. 60 gauge sieve (3600 

meshes to a square inch). It should then be allowed to cool 

-» thoroughly on a dry floor before packing. 

i The cheapest packing for India would be in bags or Backs. 

I These would not have any sea voyage to undergo, and the 

A cement would, in all probability, be used tolerably fresh. 

co Where it had to be sent long distances, small barrels could 

i doubtless be purchased at advantageous rates from the near- 

I est commissariat depdt 

! A number of samples should be made up of cements loan- 

ed according to these directions. The samples, when burnt, 
should be finely pulverised, and, when cool, should be mould- 
ed into bricks of the form shown by the shaded portion of 
marginal diagram. There should be at least a dozen bricks 
ThidcttBof brick = i| inch*. G f each sample, and they should be allowed to set under still 
water for seven days after they have been taken out of the moulds. The lower of 
the two iron clips shown in the diagram should then be loaded until the bricks are torn 
in two, and if any of the samples prove themselves capable of supporting an average 
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weight of 225 to 250 lbs. on the area 1£ inch square (or 2\ square inches), I think 
we may safely adventure upon the manufacture. I have been particular in giving 
dimensions of the sample Brick, as I wish to adhere as exactly as possible to the form 
of test generally used in England. It would be instructive and interesting to make 
up and treat in the same way bricks of the best" kftnkur" lime. 

The samples mentioned above should be carefully made up in the manner laid 
down, accurately labelled, and tested. The strongest composition having been thus 
ascertained, steady and persevering efforts at economical production must be 
made. I am most strongly convinced of the good policy of beginning in the simplest 
manner, consistent with economy and efficiency. Mistakes can then be easily and in- 
expensively rectified. The site of the factory should, from the very first be laid 
out with an eye to expansion of business, and economical working on a large scale. 
There should be no carrying backwards and forwards, the general arrangement of the 
works being somewhat as indicated below. 



Canal 



lard for tSiackijtg. i 

dryingpoundittg^ j 

Scre*nttuf raw i 

maUritd*. 





Yard for Stacking, 
dryuuppounding. + 

Screening -raw 

eemttOm 




JELiy 



Kiln- 



Fuel Yard 



In conclusion, I must add a few words on the manipulation of the manufactured 
cement, which are, I think, necessary, as it has not been hitherto extensively used in 
India, and the best cement may be utterly ruined by careless handling on the works. 
In the first place, only just so much of it as is required for immediate use should be 
made vp at any one time, as when once it has commenced to harden, it cannot be 
worked up again like a mortar containing rich lime. In mixing it with sand or 
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gravel, the ingredients should be well mired together in a dry state, before sotto! 
is added. In adding the water, only poor in enough to make a stiff paste, as floats* 
the cement is most prejudicial to it. The sand used should be clean and sharp, nk 
when cement is used in brick-work, the brick* mutt be thoroughly saturated is rs&f 
be/ore use, otherwise they will absorb the moisture necessary for the proper settbig 
of the cement When used under water, cement must until it has set, be protected 
from any current 



11-64 

14 80 

400 

111 



Portland cement of the very first qualities can be delivered by the manauf actum 
free on board vessels in the Thames at 10*. per cask, containing 400 lbs. nett d 
cement The freight to India in vessels sailing round the Cape, and landing charts 
in India, should not exceed 6i. per cask. The Railway charge per cask free 
Calcutta to Delhi would be Rs. U'66 at i pie per maund per mile. Therefore tte 
cost of 400 lbs. nett of first class English-made cement at Delhi would be Bs.22&, 
say Rs. 23 to cover losses : 400 lbs. weight at 42 lbs. per bushel of 1*28 cubic fat 
capacity being equal to 4*5 cubic feet We may take the coat of a cubic foot of Eng- 
lish cement at Delhi to be Rs. 5-2-0* 

A German analyses gives the following as composition of the Medway clay, wkkn 
is used in manufacture of most of the London cement : — 

Silica, .. .. •• -• •• 68-46 

Alumina, . . . . •• •• 

Oxide of iron, 

Soda and potash, . • • • • • 

Carb. lime and loss, 

100-00 

Dr. Ure says that " all good hydraulic mortars must contain alumina and she*, 
the oxides of iron and manganese at one time considered essential, are rather prejooi- 
cial ingredients." Vicat is of opinion that the peroxide of iron exerts an injur*** 
Influence upon hydraulic mortars. M. Lipowitz, a German writer on the snbject, wbcee 

• When it may be necessary to import Portland cement into India, the specification for q»l*J 
should be as follows : — 

14 The whole to be of the very beet quality, ground extremely fine, weighing not lest than 11* »• 
to the striked bushel, and capable of maintaining a breakin? weight of 750 lbs. on an area of 1 J «** 
square, or 2| square inches, 7 days after having been mode in an iron mould, the cement bsriag 
been immersed in water during the seven days. " It should be packed in fir casks, with s****** 
less than half an inch thick, each cask having four iron hoops, and being lined with water-jawt 
brown paper. The casks should be of manageable size, and weight, so as to avoid needlem tsocbag 
about in stowing and transit. A. larger quantity than 400 lbs. nett, should not be packed in any «* 
cask, and perhaps 300 lbs. would be a better quantity where cement is intended to go far inUat 
8tow r c"o highest line of bilge water in ships, as damp affects the cement most injoitoutf> 
Cement that has become wet through in barrels, and taken a " set," may be broken into lunp^ 
reburnt and pulverised again, a bright red heat of one and a half to two hours duration Is od» 
sufficient to restore the activity of injured cements. I may add that it would be very nrocb bet- 
ter to get it from some of the well-known makers (such as Knight, Sevan and Co., J. B ^ tite « 
and Co., Robins and Co., Hilton Anderson and Co..) paying a fair price for it, than to go U»*o *• 
market for the cheapest article. Inferior cement of uncertain quality would be wone than tht 
hydraulic mortar we already have in India. 
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treatise has been translated by Mr. Reid, quotes, with approval, an opinion " that th e 
best clajB for cements are those which contain iron np to 10 or 15 per cent in the 
form of iron oxydule." General Gillmore says that the clays most suitable for com- 
bination with common slaked lime for preparation of artificial cement, contain 
80 to 60 per cent of alumina, and 4 to 5 per cent of carbonate of lime. He considers 
that the oxides of iron do not confer hydraulic activity, whatever may be their action 
at subsequent stages of the induration. If we wish to produce a compound silicate 
of alumina and lime, which is, according to some, all that is necessary, we must have 
the following proportions : — 

Lime 2 chemical equivalents = 57 X 2 = 114*0 28*3 
Silica 2 „ „ =93x2= 186*0 46*2 64-5 

Alumina 1 „ „ =102-8 25*5 85*5 

402-8100-0 1000 

The best analyses of Portland cement give- 
Lime 60 per cent 
8ilica 23 to 20 „ 
Alumina 7 to 10 „ 
Oxide of iron 5 to 1 „ 
Alkalies, carb. acid and water, 5 to 9 per cent 

15 per cent of the oxides of iron in the raw clay would give about 4 per cent, in the 
burnt cement, I think, therefore, that the clay should, if possible, contain oxides of 
iron in any proportion up to 15 per cent ; but that if this cannot be secured, any 
compact greasy clay free from sand will answer our purpose, although, perhaps, 
not quite so well as the other. The proportion of pure lime added, can always be 
modified according to the chemical composition of the clay used. 



Remarks on Lieut-Col H. A. Brownlow 1 s Report by P. Dejoux, Esq. 

The rates estimated by Lieut.- Col. Brownlow for cement delivered in 
Delhi are very correct, but it will not do to calculate on more than 4 cubic 
feet of cement in pretty good order in a cask, as the remainder will be 
found spoilt during the shipping, or during transit from Calcutta to Delhi. 

I have myself received in Calcutta nearly 10,000 casks of cement, and 
from experience I always found an average of 4 cubic feet of cement in 
good order per cask. 

Accordingly the rate of Portland cement at Delhi should be 5*66, 
instead of 5*2. 

I do not quite agree with Lieut.- Col. Brownlow as regards the advan- 
tage in India of using clay and pure slaked lime instead of clay and chalk* 
Without considering the increase in the cost on account of the double burn- 
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ing, I think the burning is always more difficult in one case than in the 
other, and the tenacity of the cement is never so good. 

If a prejudicial action takes place on account of the Oxyde of Iron, I 
would advise the use of clay either entirely free from, or containing a 
small portion of it. 

Many cement stones in France yielding cements nearly as good as Port- 
land cement contain little or no Oxyde of Iron. 

In the case of Portland cement sent from such a distance as England 
10 Delhi, the cement will always lose a certain amount of its strength. 

My experience authorizes me to say that it loses in ordinary circum- 
stances £th of its strength, and if left in godowns for six months, it will 
loose at least £rd of its original strength. 

It should be borne in mind that the cement casks are always placed at 
the bottom of the ships, and expose4 to the moisture and dampness there- 
in, that the unloading in Calcutta is, and will always be done in a more or 
less careless manner, and that the great heat of this country affects the 
quality of the cement to a certain extent. 

Considering the questipn of the loss of strength in the cement imported 
from England, my opinion is that it is possible, if great care is taken in 
the manufacture, to make in India cements, artificial or natural, which will 
be about the same kind, and the same quality as some of the French ce- 
ments, which, excepting the Boulogne cement, possess from £th to |thof 
less tenacity than the English Portland cement of good quality. Such 
being the case, the cement which will be manufactured in India may be 
as good as that received from England ; but of course at the same tune 
£th inferior (for the reason above adduced) to the cement of fresh quality 
used at home. 

The rough calculations I have made about the probable cost of cement 
manufactured in India show that it will vary from Re. 1 to Rs. 1-4 per 
cubic foot in the case of artificial cement, and from 9 to 14 annas in that of 
natural cement. 

In the Bengal ghooting or kunkur stones, I have analyzed, I found a 
proportion of clay varying from 26 to 34 per 100. 

This result impressed me with the idea of trying the possibility of 
manufacturing either Roman or Portland cement with such stones, in 
pulverizing those which were not too hard and making bricks, &c, or in 
extra burning, in their natural state, those which are homogeneous. 
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I may now safely say that as regards preliminary experiments, I have 
already succeeded in obtaining slow and quick setting cements, although 
I am proceeding with farther experiments on that score. 

I quite agree with Lieut. -Col. Brownlow as regards his proposal to 
aim first at the utmost simplicity of machinery and plant necessary for 
the manufacture. 

I am of opinion that the best kind of fuel for burning Portland cement 
is coke, and will place charcoal in second order. 

But coal also may answer, as I have seen it used in France. 

As I am, however, about to try to burn cement with coal, I will be able 
in a short time to afford a more decided opinion on the subject. 

I do not quite agree with Lient.-Col. Brownlow as regards his opinion 
of using for the mixture of materials the dry and German system, instead 
of the wet English. 

It may be said that principally when using pure slaked lime and clay, 
the German system is superior to a certain extent, but it is also more 
expensive. 

Mr. Reid in his treatise about cement says, that the two principal incon- 
veniences arising from the English system are : — 

lit.— That a much larger area is necessary in the English system than 
in the. German one, and consequently in a country where the value of the 
land is always high, it increases to a great extent the amount of the capi- 
tal invested in the manufacture of cement. 

2nd. — That it requires about two months for the materials in the vats 
to dry, before being moulded into bricks. 

As regards the 1st point, there is at present in India hardly any diffi- 
culty in the acquisition of land under the provisions of Act X. of 1870. 

Referring to the 2nd point, I should say that in a country so hot as 
India, the evaporation being much more rapid, it is to be expected that 
the time necessary for drying will be comparatively much less. 

I think the proportion of materials used in the manufacture of artifici- 
cial Portland Cement will vary as follows : — 

l*t. — For artificial cement made of a mixture of chalk and clay. 
From 3 chalk and 1 of clay (in measure). 

To 4 „ 1 „ 

2nd. — In the ease of artificial cement, made of pure slaked lime and clay. 
* From 5 lime and 2 of clay (in measure). 
To 5 lime and 8 of clay. 
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Suggestions about manufacture of Portland Cement. 

(1). Except the remarks I have already made, I quite agree with Lieut- 
Col. Brownlow an all other points. I would however advise, as regards 
the details of manufacture, to follow the treatise of Mr. Beid on cements. 

(2). Kilns. — As regards kilns for a small factory, I would advise their 
construction according to the sketch of Mr. Raid's book, but making them 
£rd smaller, and increasing the height of the tapering dome by three feet 

(3). Experiments. — I would advise the construction at once of a small 
kiln, for the trial of samples of different kinds of lime and clay in various 
proportions ; the balls for samples may be made of clay and chalk, or lime 
reduced in impalpable powder, and mixed in water in a tub : the water is 
on the following day to be removed by decantation, and the substance is 
then to be exposed to the sun until the evaporation reduces it into a plastic 
paste, with this balls may be made about two inches in diameter, and dried 
well ; these balls may then be burnt, and when reduced to powder, a stiff 
mortar made with the cement thus obtained, which can be tested under 
water by means of the Aiguille of Vicat. Some cakes or balls made with 
this mortar may be left exposed to the air. 

(4). Natural cement. — In France the Engineers have been using for 
several years cement proceeding from the burning, in the same way as for 
Portland cement, of marly clays of different kinds. 

I have already found from the hills of Margohi and Rohtas, near Dehree 
in the Soane circle, two kinds of clay, which (mixed together in certain 
proportions and at times with a feeble addition of pure clay) will yield 
Portland and Roman Cement. 

Every sort of clay giving a strong effervescence with hydrochloric acid, 
may be considered as marly clay, and may be found useful in the manu- 
facture of cements. 

The analysis of different sorts of clay, give the following results : — 



Yellow marly clay. 


Percent. 


White marly clay. 


Par cbbm 


Carbonate of Lime, 

„ Magnesia, 
Oxide of Iron, 

<*HH2u ( •• •• 

Sand, 


60-65 

14-35 

0-67 

2333 
100 


Carbonate of lime, • . 

„ Magnesia traces, 
bat not appreciable, 
Oxide of Iron, ditto ditto., . . 

<M25u 1 - •• 

Sand, 

Total, 


8000 

2000 
0*0 


Total, .. 


100O0 


10*0 
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(5). Cement of Boulogne. — The best marly clay used in France is that 
found in Boulogne, with which Messrs. Demarle and Co., manufacture a 
cement in high demand in France. 

I have been using it in large quantities for* three years in the maunfac- 
ture of artificial stone (Coig net's system), and found it even sensibly better 
than the Portland cement of Messrs. White Brothers, which is consi- 
dered as one of the best sort in England. 

The Boulogne marly clay contains from 19 to 25 per 100 of clay. 

Every sort of clay containing more than £th per 100 of sand is to be 
rejected. 

To be certain of a good homogeneity the clay is pulverized and mixed 
with water in vats, the water is then removed by decantation, and the 
clay being thus by evaporation in a sufficiently stiff state to be moulded, 
balls are made of it and burnt in a kiln up to a white heat. 

The white heat is necessary for the spreading of the bad parts, which 
are picked, and rejected carefully after the burning. 

The cement is afterwards ground in fine powder, and sifted through a 
sieve of 60 meshes to 1 inch. 

(6). Cement in the neighbourhood of Paris. — Sometimes clays may be 
found homogeneous enough to enable their being burnt without the 
process of either pulverization or washing. The clay found near Paris 
contains about the same proportion of Silica and Alumina as that of 
Boulogne. Such descriptions of marly clay are found (in beds) close to 
the beds of Gypsum (or Sulphate of Lime) ; great care must however be 
observed in selecting them to avoid the mixture of Gypsum with them. 
These may be burnt in their natural state, and treated after the same 
manner as the cement of Boulogne. 

The best factories are those of Messrs. Barbier and Go. at Paris, Chronne, 
and Argenteuil, Massrs. Slacker and Letellier at the Butts Chanmont, 
the Moulineaux and the Rainey. 

I used these cements, particularly the first sort, for the building of 
several miles of sewer in Paris, and found it not much inferior to the 
English Portland. 

(7). Marly clays. — I feel almost sure that marly clays of about the 

same composition as those of Boulogne or Paris may be found in the 

proximity of many lime quarries now existing in India, and I opine there* 

' fore that a careful search will enable the discovery of materials well adapt- 
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ed for the manufacture of cement, and producing a cement less expensive 
than artificial cements. 

(8). Bulk of each material required for experiments. — As regards the 
quantity of materials which "mil be required for experiments, I think for the 
manufacture of artificial cement three cubic feet of lime stone, and two of 
clay of each sort may be sent, and if stones or marly clay, supposed to 
be natural cement stones, are found in the Sewalik Range, a cubic foot of 
each kind will do for the present. 

Note. — Instructions for the use of the Aiguille of Vicat*for testing hy- 
draulic lime. — Take a small quantity of lime newly slaked, and free from 
imparities of every kind ; make of it a paste about the stiffness of damp 
clay. Put this in a tumbler to the thickness of one inch, then add water 
slowly to* two- thirds of the tumbler. 

The lime is said to be set when it can support, without sensible depres- 
sion, the weight of the Aiguille of Vicat. 

1st. — Limes feebly hydraulic (containing 18 per cent, of clay). These 
set after 15 or 20 days of immersion, and get harder gradually by slow 
degrees, principally after the 6th and 8th months. After one year their 
hardness can be compared to dry soap ; they are after that period a little 
soluble in pure water. 

2nd. — Ordinary hydraulic limes (containing 20 per cent, of clay). 
These set after 6 or 8 days of immersion, and get harder gradually within 
one year, but the greatest part of the hardness is acquired after six 
months, and then the hardness of the lime can be compared to soft stone; 
the water has no more action upon it. 

Limes eminently hydraulic (containing 30 per cent, of clay). These 
set after 2 to A days of immersion; after one month they are hard and 
insoluble in pure water ; and after six months they can be compared to 
the absorbent calcareous stones. 

Limes which do not set after 30 days are not hydraulic. 

* The weight of the Aiguille of Vicat is 10J ounces (avoirdupois). 
The extremity of the Aiguille mast be a square of -Ufc of an inch. 
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Note by Lieut.-Col.il. A. Broumlow, R.E. f on Mr. Dejoux^s Remarks. 
Use of pure slaked lime instead of chalk. — I recommended this because 
we have no chalk in this part of India, and I think burning the limestone 
will be found cheaper than grinding it to an impalpable powder. It is only 
a question of economy, and the cheapest process should be adopted. 

Use of clay, free from oxide of iron. — The supposed prejudicial action 
of oxide of iron is, as will be seen from the remarks on this subject in my 
report, more than doubtful, and the action which takes place in the burning 
of Portland cement between the oxide of iron in clay and the chalk, is 
understood to be most beneficial. I alluded to it in explanation of my 
remark that a cement of same tenacity as Portland could not most proba- 
bly be produced in India, where I proposed to use slaked lime instead of 
chalk. Bo that I do not think clay should be rejected, because it contains 
oxide of iron, so long as the proportion does not exceed 15 per cent. 

Loss of strength in imported Portland cement. — Mr. Dejoux's experience 
seems to decide the question in favor of manufacture in India. 

Process of manufacture. — While maintaining my opinions with some 
diffidence against those of Mr. Dejoux, who has a practical knowledge of 
his subject, I would suggest, as a further objection to the adoption of the 
" wet " or English system of mixing the raw ingredients of cement, that 
in these provinces for about four months in the year, the mixture in the 
settling reservoirs would be largely adulterated by sand and organic impuri- 
ties driven on to it by the wind, and that during the rainy season the 
evaporation would be even slower than in England. Although more ex- 
pensive there, can, I think, be no doubt of the superiority of the German 
over the English system of manufacture. 

Testing the burnt cement. — Regarding the use of the Aigulle de Vicat 
for this purpose, I would remark, 1st, that it is only a test of rapidity, 
of setting, and gives no idea of cohesive strength of the mortar ; 2nd, 
Although remarkable quickness of setting is not necessarily accompanied 
by inferior hardness and strength, yet is somewhat curious that within 
the range of experiments quoted by General Gillmore, in his treatise on 
limes and hydraulic cements, the quickest setting cements gave ultimately 
the worst, and the slowest setting, the best results ; 3rd, That General 
Gillmore gives it as his decided opinion that the needle test is far less re- 
liable than any simple device for trying the cohesive strength of the mortar 
when ten or twelve days old. The test proposed by me in my report is that 
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universally adopted in England, and largely on the continent as well, ind 
I therefore strongly maintain its superiority oyer Monsieur Vicat's needle. 
The accompanying sketch shows an excellent form of testing machine, 



Scale 3 inches = 8 feet. 
and a better pattern of mould for making up the bricks to be tested than 



2' > 

SeeHon at X. X. 



S*ctiom at W. W. 



Section at T. T. 
andZ.Z. 



EUnatkm. 



that shown in my report. They are both taken from Mr. Grant's admir- 
able paper on Portland cement {see Proceedings of Inst. C.E., Vol. XXV., 
Session 1865-66). 
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Paper by P. Dejoux, Esq., on Manufacture of Lime, Mortar and Con- 
crete in Bengal. 

Manufacture of ghooting lime.* — Lime as a rule ought to be sifted 
fine enough to be free of all unburnt or overburnt particles which do not 
slake immediately, but which may slake after a certain time, and conse- 
quently may injure the quality of the mortar. 

As ghooting lime, from want of homogeneity, can never be well burnt, 
a fine sifting of the lime after slaking will largely increase the cost of the 
lime. 

In grinding the lime and the unburnt portion, which ought to pass 
through a sieve of 8 meshes to one inch, some of the parts not slaked 
may act as cement, while others will remain inert. 

It may happen that in the case of the presence of Chaux limites\ (Argil- 
laceous intermediate limes), some other parts slaked a long time after, and 
falling in powder may disintegrate some portions of the mortar. 

It is, however, very difficult to ascertain the presence of the chaux limites, 
but as far as I can judge, I do not think there is much probability of 
finding them amongst the generality of ghooting. 

My opinion however, is, that the best and cheapest way to deal 
with the manufacture of ghooting limestone consists in the following 
plan : — 

Is/. — To burn the ghooting limestone in a kiln, as per Plate LVI. 
Before burning, the kiln must be, if necessary, carefully plastered, both 
outside and inside, with a mortar composed of four parts of clay and 
one of lime. First a layer of 6 inches of coal is to be put, then 9 inches 
of ghooting, then 8 inches of coal, and then 9 inches of ghooting, &c, 
&c. ; the last layer must be of ghooting proceeding from the last burning, 
and which not being perfectly burnt is generally called " refuse ghooting." 

With some limestones 2 inches of coal will suffice. I have noticed 
that, owing to kilns being built generally in a careless manner, the loss of 
caloric must be enormous in them. The firing of the kilns may be begun 
when three layers of stone have been put in it. A portion of the open- 
ings may be shut, leaving sufficent room for ventilation according to 

* Bengali! for " kunkur lime," containing 26 to 34 per cent, of clay. 

t An explanation of this term will be found In Vlcat on Limes and Cements. Chaux limiiet are 
limes obtained from stones containing too large a proportion of clay to be hydraulic limestones, and 
too small a proportion to be cement stones. 
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the state of the weather. It will be advisable, as a preventive against the 
effect of the stormy winds, when the fire is likely to arrive to the upper- 
most layer, to hare screens of corrugated iron put on the top of the kim 
in the direction of the prevailing wind. Lime is frequently very badly 
burnt, solely from want of this precaution* When the unloading of the 
kiln is commenced, the iron bars are to be taken out, and then £rd of the 
total height of the stone inside may be discharged, and the kiln reloaded. 
It will be advisable, when the kiln is in full blaze, to refit the bars every 
eight days, and by such means to remove the ash from the ash holes, and 
enliven the fire. 

2nd. — As soon as the lime is burnt, it is to be taken out of the kiln im- 
mediately, and the stone separated from the ashes. The limestone is then 
set against a wall in layers of about 4 inches. On each layer water is to 
be thrown by means of garden watering pots. A heap of about 5 or 6 feet 
high may be made, and the ghooting may be left in this state for about 
four days ; the top of the heap should be watered a little on the second 
day. After the expiration of four days, it must be sifted through a sieve 
of 8 meshes to one inch. 

It will be judicious always to put the burnt stone in large and high 
heaps, because by this being done, the heat will be concentrated, and the 
slaking facilitated. As regards the sifting, I think for large works it will 
be better to use a revolving sifting machine as used in France. 

3rd. The lime will then be pulverized in a soorkee mill separately, oi 
mixed with the sand necessary for the mortar. 

Sand mortar. — I would advise the use always of sand, instead of soorkee, 

• The advisability of this depends entirely upon nature of ^^ 
lime. "Experiments show that a mortar composed of one «*nd of middling 
volume of fat lime, and two volumes tram is injured if a por- size is obtainable, 
tion of the trass be replaced by sand." Gillmore, para. 560. Soorkee ought 

to be used only when sand cannot be obtained, and for this reason : 
If the lime is very hydraulic, the soorkee which is very often made 

• *» • j- • « •> ^ * __ from bricks im- 

• Hay even act prejudicially, vide note on next page. 

perfectly burnt, 
acts only as an inert body ; in such a case sand, which is harder, has 
evidently the advantage over soorkee ; sand has also the great advantage 
that it is generally much cheaper. 

• Notes by Lleat.-CoL H. A. Brown low, BJ. 



Digitized by VjOOQ IC 



PLATE LYT 



MANUFACTURE OF CEMENT IN INDIA- 
LIME KILN. 



< *jctiorv. on, CD. 




'Elevation* 









~-h 



fc 
w 



A.~.\. 







f 



- w 



"-1 



' -» 



7a: o 



SvUu>n/ OTV A.B. 



m J 6 , t ..j3i0.. ,16', <3. 3'6 



ia a 



FlOTtJ. 



ad »s 



;-. j:£-. « j a "fc . .. i: e:. „ j _fi . . .. 



r c PHI* § 




ScaU J /4- inch/ **J.Jbot. ^ 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



IIAVOTACTURK OF CEMENT IN INDIA. 619 

If the lime is not hydraulic enough, and if no other kind of puzzuolana 

can be obtained, 
* The greatest care is required in mixing soorkee at all with _ , 

RAoi*lci*ft made 
hydraulic lime. It is only the excess of pore lime that combines 

advantageously with the soorkee, forming with it silicates and with first rate 

aluminates of lime. But the danger of thereby breaking the set is burnt bricks, and 

manifest, for while the natural combinations of lime with the re( j UCG< J to im- 
silica and alumina in the hydraulic limes immediately commence , . , 

to set, those formed between the free caustic lime and the soor- palpable powder, 

kee, will have to effect a preliminary decomposition of the will increase the 

silica and alumina combined in the soorkee and the two hydraulicityofthe 

dissimilar actions, one composing and the other decomposing, .. A1 _ . ... 

• 1. i *: -A a \z lime *butasithas 

cannot go on m such close connection with any advantage to ' 

the mortar. Breaking the set is notoriously most fatal to hy- been said before, 
draulic energy, so that kunkur lime should never be left in a the soorkee gene- 
mill to be re-ground after an interval of time. Bat where pure -ji_ nflfl j : a OM _ 
rich lime is mixed with soorkee, long and intimate mixture . . 
is advantageous, because the silica and alumina must free P ared Wlttl bncks 
themselves from the combination existing in the soorkee be- imperfectly burnt, 
fore setting can commence, It is also evident that the finer on account of such 

the soorkee is powdered the better. . . , , . 

bncks being more 

brittle, and the powder is always too coarse to act efficiently as a puzzuolana. 

Mortar made with soorkee seems after a short time harder than sand 

mortar, but after a long time sand mortar, if well made, will be found superior. 

One of the greatest precautions to be taken with sand mortar is to have 

the bricks or stones thoroughly soaked in water ; the default of using this 

precaution is the great cause of the apparent inferiority of the sand mortar 

as compared with the soorkee mortar, because the soorkee retains much 

more moisture than the sand. 

Comparatively less water ought to be used in the manufacture of sand 
mortar, than that of soorkee mortar, as it ( the mortar) must be made to 
the consistency of a plastic paste. 

Care must be taken in the sand mortar, especially to prevent too rapid 
drying, because hydraulic lime being an anhydrous silicate of lime, (with 
an excess of lime,) which gets hard by the hydration of the lime, it is evi- 
dent, therefore, that a certain degree of moisture is necessary. But water 
must, however, not be thrown on the mortar before it has commenced to 
set sensibly, for the water might wash away the lime. 

During the time necessary for the setting, the masonry ought to be 
covered either with wet mats, wet straw, or wet sand. 

* Note by LieaU-Ool. H. A.. Brownlow, B.B. 
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In the case of ghooting lime, it is only after the fourth day the mortar 
has been used, that watering can be commenced. 

In the case of fat lime, the hardness of the lime is caused by the cry- 
stallization of the calcareous carbonate recomposed ; if the setting is allowed 
to take place too soon, an incomplete crystallisation will be attained, to- 
gether with some carbonate in a pulverulent state. 

In a hot climate like that in India, in the case of hydraulic mortars, 
which take a long time to arrive at the maximum of hardness, it is absolute- 
ly necessary to proceed with the watering until the mortar is pretty hard 
both outside and inside. 

Puzzuolana. — There is a kind of puzzuolana which is, I think very 
commonly found in India, in places when laterite exists ; it is made of 
red ochre earth. The ochre I received from Orissa has yielded a good 
result, and I have since found ochre of about the same description at 
Midnapore, which promises the same results. 

By using this puzzuolana with mortar in the following proportions :— 
3 Sand, * e 1 Sand. 

2 Lime, r or i * Lime. 

1 Puzzuolana, J I l Puzzuolana. 
the quickness of setting of the mortar will be augmented to a gr e at ex- 
tent ; the cost of such a puzzuolana on the spot, as Car as I can judge 
now, will be from 4 to 6 annas per cubic foot. 

Concrete.— In the concrete I would advise also the use of sand, instead 
of soorkee. 

To ascertain the quantity of mortar necessary for the making of a good 

• The volmneof mortar should, however, co*****! & ** neoessary to take a 
always be somewhat in excess of this, to water-tight box measuring one cubic 
allow for imperfect mixture. foot, and fill it tot with khoa, bro- 

ken stone, or pebble (which are to be used in the concrete), and then with 
water. The quantity of water is then to be measured, and this will be 
found equal to the quantity of mortar necessary to fill interstices. 

As regards broken bricks or stone in small pieces, the quantity of mor- 
tar required for 1 00 cubic feet of broken bricks, varies from 46 to 50 cubes 
ieet of mortar. 

In the case of pebbles and small round stones, 100 cubic feet of stones 
will require from 37 to 40 cubic feet of mortar. 

•MgUbj Ltouk-OuL H. A. Brownkm, U. 
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PLATE 1711 



MANUFACTURE OF CEMENT IN INDIA. 
BETONNIERE. 
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HAXUFACTURB 07 CEMENT IN IHPIA. 621 

For mixing khoa or stones with mortar, I strongly advise the nse of a 
" Betonniere "of the kind I have seen used in France, of which I annex a 
drawing (Piatt LVII.) I gave last year to the Executive Engineer, Cossye 
Division, a sketch of such a " Betonniere." Some were made accordingly 
by him, and have been used with great success in his works. 

The mode of using such an apparatus consists only in throwing the 
materials inside by the opening (a), and in taking care to throw alternately 
two baskets of khoa and one of mortar, if the proportions of the concrete 
are 2 to 1, and thus the whole comes out from the machine by the open- 
ing (6) perfectly mixed. 

With a " Betonniere" 1,000 cubic feet of concrete can be manufactured 
easily per day. 

The cost of one will be about Us. 150. 

P. D. 
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"IS IRRIGATION NECESSARY IN UPPER INDIA?" 



To the Editor. 



Sib,— With reference to Major Corbett's paper on deep cultivation, perhaps some 
of your readers are not aware that many years ago the late of Marquis of Tweeddale 
invented and used a subsoil plough going some 18 inches deep, bnt the labor is 
excessive, even with six good plough horses, and plough horses in the Lothians are 
superior to bullocks in India. 

This plan was never adopted largely. Tenants will never go to the expense, and 
not many landlords. 

Every one at home knows that heavy lands would be improved by being dug over 
two feet deep and left to fallow for a winter, but the expense could never be recov- 
ered ; it would probably cost £40 per acre, which is as much as land is worth to buy. 

TheQoniy case in which high farming really pays is near a large town, as Paris or 
London, where manure in unlimited quantities can be had, and early vegetables and 
fruits sell for a guinea a pint. If Major Corbett is not convinced, let him lease say 
100 acres of land, get a subsoil plough to work 2 feet deep, and try the experiment 
financially. 

I suspect he will find he will have to borrow an elephant to drag his subsoil plough. 

Mr. Fowler's steam plough would do the job, but it costs at least £700 in England. 

To make money out of land you must graze as much as possible j if the Jowar and 
Bajra crops were eaten down on the ground by sheep, allowing them on as soon as 
the jowar was a foot high, yon would have a fine set of sheep to sell, and the next 
wheat crop would be a bumper. 

High farming is one of those fascinating fallacies that has mined numbers of 
clever men : those who stop before they are mined go to grass and find it pay. 

The truth is the weight of the crop does increase with the manure and ploughing, 
but the expenses increase at a faster rate than the crop does. 

Tours obediently, 

A. G. Muebay, 

Executive Engineer, Sirhind Canal. 



Digitized by VjOOQ IC 



Digitized by VjOOQ IC 



<Cti[![{Sjrt it44itJ[4' 



To the Editor. 



Sib, — It has occurred to me that you might add a useful feature to the Series by 
devoting a page or two at the end of each number to a " Record of Experiments." 
Every one in charge of works has to make experiments now and then to determine 
cither strength of materials, or quantity of labor or materials required to a given 
unit of work. Hundreds of such experiments are made every year, but the results 
are buried in MS. note books and for want of publication are ultimately lost If you 
provided space and invited communications, many men could send you brief notes 
of actual results observed, which are not important enough to make a regular paper 
upon, but would be most useful. Indeed, it is most difficult to collect information 
on these points at present, without making actual experiments. As an instance, some 
time ago I searched in vain through no end of books to discover the actual weight of 
grass, as delivered at the building, (before trimming, &c,) required for a thatched 
roof : and just now I want to find the proper labor on excavating wells in hard rock, 
and cannot do so. The relative values of coal, charcoal, and wood for burning lime, 
seem to be very little known for want of records of actual experiments : and so on 
for many other things. 

All you need do is to ask your subscribers to send you extracts from their note 
books of actual observed results. In time one might get materials for a book of 
co-efficients of labor and materials for all kinds of work in India. 

Akola, Bbbab, I 

June 21*f, 1871. J R. O. Elwbs. 

The Editor will be glad to publish such "records of experiments,"^ 
suggested by Mr. R. G. Elwes, which may eventually be classified and 
tabulated to form a manual of co-efficients of labor and material for India. 

A. M. L 
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